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Introduction 


In earlier studies on the absorption of inorganic solutes by plants (9), 
the solute status of the system at the time of experimentation was shown 
to be of importance. Thus high-salt abscised roots were markedly re- 
stricted in further accumulation while with low-salt systems, rapid aceumu- 
lation was subsequently evident. Where previously absorbed salt could 


move from the roots of high-salt plants to the shoots thereof, further inor- 
ganic solute could be readily absorbed from a nutrient medium. Thus it 
appeared that depletion of the previously accumulated salt in roots through 
translocation to the shoot allowed the continuance of the absorption process, 

It has been shown also (5), with low-salt intact plants, that over short 
intervals of time the larger amount of salt absorbed was retained within 
the root system; presumably both in protoplasm and in vacuoles thereof, 
but particularly in the latter (cf. Exp. 2, here). Concurrent translocation 
to the shoot was limited, but took place more rapidly with time, following 
at least partial ‘‘saturation’’ of the roots relative to salt. A similar in- 
ference may be drawn from a study of decapitated plants, where the com- 
position of exudates from the stumps indicates the movement of solute 
from root to shoot (8). Here, it was shown that salt movement to the 
upper portions of the plant was proportionally more rapid with previously 
treated (higher-salt) root systems. Again, for a period of several hours, a 
large portion of the absorbed salt, but decreasing with time, was retained 
within low-salt roots. With prolonged treatment, the exudates from both 
sets approached each other in solute composition indicating that after at 
least partial approach toward a maximum salt level within the cells of 
the root, a larger proportion of the inorganic solute currently absorbed, 
moved inward to the xylem and thence upward in the exudation stream. 
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Other exudation studies (3) on the transport of solutes, followed by 
water, to the xylem of roots suggest that unless solute is rapidly replen- 
ished from an external source, the flow of solution as bleeding or gutta- 
tion under favorable conditions from shoots, soon becomes negligible. 
Such a situation would arise particularly where a large proportion of the 
solute has moved, during previous treatment, into vacuoles of the cells 
intervening between the root surface and the xylem elements. Salt so 
resident appears to be subject to retention, that is, it does not readily 
migrate outward therefrom across cytoplasm to the bathing medium of 
cells. This may be the result of an impermeability of limiting surfaces (or 
the cytoplasm as a whole) to salt species per se, or if capable of ready out- 
ward diffusion, due to rapid concurrent reaccumulation thereof by actively 
metabolizing cells (2,4). It should be recognized, however, that protracted 
migration may oceur from vacuoles of roots. Thus a marked depletion of 
previously absorbed salt of roots through movement to the shoot may occur 
where further solute is withheld from the external supply (11). 

It has been further suggested, on theoretical grounds (1, 7) and from 
inferences drawn from experimental data (12), that solute can move from 
cell to cell more readily by passage along continuous strands of proto- 
plasm, where such a symplast exists. Thus, though salt in vacuoles is not 
readily translocated across roots, a ready overall pathway is afforded by 
the interconnecting protoplasm. 

It was of interest to confirm, with the use of radioactive isotopes, the 
effect of the previous salt status of roots on the nature of subsequent ac- 
cumulation of inorganic solute by abscised roots. Further, with the use 
of radioisotopes, a way seemed possible for testing the postulate that salt 
moves along a symplast pathway (at least in part) from cells near the sur- 
face of roots to the xylem. These studies are here reported. 


Cultural treatment of plants 


Barley plants were germinated, transplanted and allowed to grow in 
a glasshouse by a standardized technique described earlier (9). The inor- 
ganic solute supply was such that at the end of approximately three weeks, 
the plants were vigorous, yet in a low-salt, high-sugar condition. No 
forced aeration was applied during growth, to conserve carbohydrate 
within the plant systems. Sets of plants (168 plants per set) were sub- 
jected to experimental treatment as indicated below. 


Experimental results and discussion 


EXPERIMENT I.—Barley plants were separated into two lots. One group 
of plants was pretreated by exposing the roots to a KBr solution (25 milli- 
equivalents per set) for a period of 16 hours. The second group was 
placed into water during the comparable interval of time. The roots of 
each group (approximately 100 gm. fresh weight per set) were then 
abscised and immersed in 3 liters of 0.00025 normal KBr*. The cultures 
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were aerated continuously during the experimental period. One pair of 
each group was subjected to a temperature of 0.5° C, a second to 20° C. 
Samples of the culture solutions were taken at successive intervals of time 
and measurements of radioactivity made thereon. Results of these meas- 
urements are recorded in the graph of figure 1. The curves show the rela- 
tive decreases in radioactivity of the culture media (1.¢., the absorption by 
the roots) with time. 

It may be seen from the graph, that more rapid absorption occurred 
at the higher temperatures both with the pretreated (plants with higher 
initial KBr concentrations) and the control roots. At the higher tempera- 
tures, nearly all of the radioactive bromide moved into the roots over a 
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Fie. 1, Effects of pretreatment with inorganic solute and concurrent temperatures 
on the absorption of bromide by abscised barley roots. 


short interval of time. No doubt this influx is related in large measure 
to metabolic accumulation, exchange adsorption playing a minor role. Re- 
gardless of the distribution of the absorbed solute in space within the 
roots, a very high accumulation ratio is evident. 

The pretreated low temperature set shows definite absorption of radio 
bromide. This would seem to be most logically attributed to an exchange 
adsorption, particularly isotopic exchange between the protoplasm, to- 
gether with cell surfaces, and the external medium. The control roots at 
the lower temperature display a greater accumulation relative to the pre- 
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treated group and less than either set at higher temperatures. This pro- 
nounced influx at lower temperature is probably related to a large extent 
to metabolic accumulation, exchange adsorption being of the order indi- 
eated for the low temperature, pretreated roots, or even less, since the 
possibility of isotopic exchange is excluded. These data are in accord with 
earlier evidence that metabolic accumulation can proceed, though more 
slowly, even at low temperatures (6), as well as with those indicating ready 
exchange under similar conditions (6, 10). 

Another feature is evident from these curves. The movement of radio- 
active bromide is less rapid into the pretreated roots which have a higher 
initial salt level. Thus it becomes clear, that not only is the accumulation 
level affected by the previous salt status of abscised roots (9), but also the 
rate of influx is thus modified. 

As a whole, this experiment delimits the course of exchange absorption 
and metabolic accumulation as modified by the previous status of roots 
and the concurrent temperature conditions. 

EXPERIMENT II.—This experiment was designed to test the postulate 
that inorganic solute may move readily along a protoplasmic path between 
eells and particularly as a way in high-salt tissues and where labile salt is 
translocated from vacuoles to the xylem when the external source may be- 
come limiting. The experimental conditions are outlined in table I. The 
barley plants were decapitated such that exudate could be collected there- 
from. The roots were bathed by aerated media during two intervals of 
time. During the first interval, part were subjected to KBr and part to 
CaSO,, of equal normality. Exudate was collected from zero to three 
and three to six hours and composited within treatments. At the end of 
these periods, some roots from each group were harvested, washed, centri- 
fuged and frozen for composite expressed sap analysis (9). Other sets of 
plants were transferred, after root washing, to radioactive bromide solu- 
tions and further exudate collected from zero to three and three to six 
hours, during a second interval of time. At the end of these periods the 
remainder of the roots from each group were harvested and treated simi- 
larly to those at the end of interval 1. Analytical results are presented 
in table I and particularly pertinent data are graphically shown in figures 
2 and 3. 

Certain general features may be pointed out before detailed discussion 
of the graphs. It has been pointed out in the introduction, from earlier 
study with exudates (3), that unless coneurrent aceumulation of labile 
solutes takes place, the rate of exudation decreases with time. This situ- 
ation may be observed here as well, where CaSO, and KBr treated plants 
are compared. (cf. column 4, and 7 and 10). CaSO, is slowly accumulated 
while KBr rapidly migrates into root cells, and into the xylem where the 
solute concentration relative to the external medium is effective in causing 


exudation to tend to oceur. With some species of plants, little or no exu- 
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date is obtained, even over short intervals of time, from low-salt plants 
under otherwise favorable conditions (3). Where the CaSO, medium is 
subsequently replaced by KBr*, the exudate concentration and rate of 
flow are concurrently increased. As shown earlier, marked accumulations 
of solutes arise in the xylem relative to certain dilute bathing media (ef. 
columns 7, 8 and 10, here). As noted elsewhere (3), there is a high indi- 
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Fic. 2. Composition of root saps and exudates from decapitated barley plants 
with time; total (non-radioactive plus radioactive) bromide concentration in milli- 
equivalents per liter of solution. For experimental conditions, see table I. 


vidual variability in exudation rate (less in composition of sap) among a 
lot of plants of the same species, cultured similarly. In the current study, 
the numbers of plants are sufficiently great to make the noted differences 
of significance. 

In figure 2, the total bromide concentrations in exudates and composite 
expressed saps of the roots are plotted against time. A large portion of 
the cells of the root are highly vacuolate and it is assumed that the com- 
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posite sap concentrations nearly equal those of the vacuoles in magnitude 
which seems reasonable if at any particular time there is a tendency to- 
ward constrained dynamic equilibrium for solute and water among the 
external and internal media and the interposed protoplasm. There is 
quite close agreement at each of the time periods between the total bro- 
mide concentrations in the exudate and in the root sap. The measured 
values are plotted at the end of the particular time period. The exudates 
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Fic. 3. Composition of root saps and exudates from decapitated barley plants 
with time; radioactive bromide only, in counts per minute per milliliter of. solution. 
For experimental conditions, see table I. 


were collected throughout the time period, therefore, the composition repre- 
sents an average for the time involved, while the sap values represent 
those at the end of the corresponding period. For this reason, one might 
have expected the sap values to possibly exceed those of the exudates as 
plotted, however this is not significantly the case. It would seem that 
these close correspondences in magnitude would obtain if the inorganic 
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solute (accompanied by water, osmotically) on influx moves rather pro- 
portionally into lumena of both the vacuoles of low-salt root cells and the 
xylem. Although the relative distances to these two types of lumena may 
be considerably different, the permeabilities of the effectively interposed 
protoplasm and energy intensity gradients may be of similar orders of 
magnitude for low-salt roots. At all events, the data indicate movement 
of total bromide into the vacuolate cells and into the stelar vessels such 
that accumulation levels are quite parallel with time. For those plants 
pretreated with CaSO,, the relative total bromide concentrations in sap 
and exudate (figure 2) agree well with the bromide measured by radio- 
activity (shown in figure 3). 

The curves of figure 3 indicate the relative movements of radio-bromide 
supplied to two systems—now dissimilar because of the preconditioning 
during interval 1. One set is relatively high in bromide and total salt 
while the other is relatively low in total salt, being without bromide. With 
supply of bromide to low-salt tissues, as before, the radioactivity levels 
with time are similar in sap and in exudate. However, it is very strik- 
ingly shown that with the bromide pretreated roots a marked difference 
in radioactive bromide concentration obtains in these two solutions (fig. 3) 
although the totals are of similar order of magnitude (fig. 2). The infer- 
ence which may be drawn from this apparent difference in distribu- 
tion of radioisotope is that the vacuoles of the cells of these roots are 
already fairly high in non-radioactive bromide and this concentration 
increases less rapidly with time, for it is tending to approach, in being a 
closed system, a level characteristically maximum for this species under 
the imposed conditions. On the other hand, the xylem solution is subject 
to mass flow, with continued movement, to replenish the loss, of solute and 
water into the relatively open lumen. Thus a differential migration of 
radioisotope may be envisioned across and along the protoplasm in favor 
of the plasma continuum—the symplast. In other words, while a small 
proportion of the radioactive bromide is migrating into the vacuoles to 
build up the sap total bromide concentration, a larger proportion is mov- 
ing along the protoplasmic pathway directly to the xylem lumena. These 
data, therefore, seem to support the postulate that solute may move directly 
along the protoplasm from cell to cell to the stele, by-passing, so to speak, 
the intervening vacuoles in large measure when the vacuoles are already 
relatively high in salt concentration. This idea has been schematically 
represented elsewhere, in a diagram of two possible plant systems for solute 
movement (1, fig. 1). That such relatively independent movement can 
take place seems clear from the present results. 


Summary 


With the use of abscised barley roots immersed in radioactive bromide 
solutions, it has been possible to more closely delimit the modes of migra- 
tion of electrolyte into tissues at low and high temperatures as well as into 
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systems of previously high- or low-salt content. This study suggests sev- 
eral points. First, there is a rapid exchange of isotopes between the ex- 
ternal medium and roots; second, under favorable temperature conditions 
isotopic or ion exchange is relatively less important than migration by 
metabolic accumulation; third, that with high-salt roots at low tempera- 
ture, migration may be restricted almost exclusively to adsorption ex- 
change ; and fourth, that metabolic accumulation may be pronounced even 
with roots at low temperature, provided they are currently in a relatively 
low-salt condition. 

With the use of decapitated barley plants and isotopes of bromide it 
has been shown that two pathways are afforded for the migration of in- 
organic solutes into roots. First, with low salt plants, salt may migrate 
across the cytoplasm of cells into vacuoles as well as to more remote lumena, 
e.g., the xylem. Second, where the roots are initially in a relatively high- 
salt condition, subsequent migration takes place differentially along con- 
tinuous protoplasmic paths (the symplast) to the xylem, circumventing, 
in a measure, movement into or through intervening vacuoles. Where 
depletion of vacuolar solute occurs through translocation, the probable 
pathway is likewise along the protoplasmic continuum. 
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THE EFFECT OF SOIL TEMPERATURE ON GUAYULE PLANTS 
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Introduction 


The work of several investigators, including BonNer (2), WHITEHEAD 
and MitcHe.t (18), has shown that low air temperatures greatly reduce 
the growth rate of guayule plants and at the same time bring about an in- 
crease in their rubber percentage and, conversely, that high air tempera- 
tures increase the growth and decrease the rubber percentage. However, 
aside from two brief unpublished reports (4, 6) little information is 
available as to the effect of soil temperatures on the growth, carbohydrate 
and rubber production of guayule. This paper presents results obtained 
where guayule plants were grown at the same air temperature but at dif- 
ferent soil temperature levels. 


Methods 


During the experiments, all the plants were grown in soil in 5-gallon 
metal cans. These cans were submerged in water in the controlled tem- 
perature tanks described by CAMPBELL and PREsLEY (7) and located in 
the greenhouse. Twelve tanks, each holding eight cans, were available, 
four of these 12 were refrigerated and eight heated. For the most part 
two of the tanks, holding a total of 16 cans, were maintained at the same 
temperatures. This allowed a total of six different soil temperatures to be 
maintained during one experiment. When the plants were harvested, 
they were grouped into four replications of four plants each. The tem- 
perature of the soil in the cans was held within two degrees of that de- 
sired. The air temperature averaged about 76° F, with a minimum of 
70° at night and a maximum of 90° during the day. 

In the first experiment, 5-month-old seedlings were trimmed back to 
a single stem about four inches long and ,*; of an inch in diameter and 
transplanted on February 12, 1947 to the soil in the cans. This resulted 
in a fairly uniform set of plants at the start of the experiment. The 
plants were all grown for six weeks at a uniform soil and air temperature 
to give them a good start, then grown from April 1 to June 10 in soil 
temperatures of 40, 50, 65, 70, 80 and 90° F and the air temperatures of 
76° F. On June 10, the plants were washed from the soil and their dry 
weight, moisture, carbohydrate, resin and rubber content determined. 


‘Present address: Isotopes Division, Atomic Energy Commission, Oak Ridge, 
Tennessee. 
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In the second experiment, plants that had been seeded in greenhouse 
benches in February 1947, grown until July 1947, then hardened off by 
withholding water until the middle of November, were used. These 
plants were cut back to a single stalk about four inches long and ;;” in 
diameter and transplanted to the cans on November 15, 1947. The plants 
were grown at constant soil temperatures of 70° until January 2, 1948 
when the differential soil temperatures were applied. 

These consisted of 45, 55, 65, 75, 85 and 95° F and were imposed on 
the plants from January 2, 1948 until they were harvested on May 1, 
1948. At the time of harvest, dry weights, moisture, carbohydrate, resin 
and rubber contents were determined. 

The soils used in the two experiments were quite different. That of 
the first, classified as a type of Salinas fine sandy loam non-caleareous 
phase, was a dark soil that gave a very rapid initial but much reduced 
later growth. That of the second, classified as Greenfield coarse sandy 
loam, gave a steady and fairly rapid growth over a long period of time. 

At the time of the harvest, the leaves were picked from the plants by 
hand, the stems and roots separated, and the various determinations made 
on all three plant parts. The dry weights and moisture contents were de- 
termined by drying the plants to a constant weight in a ventilated oven 
at 65° C. The water-soluble carbohydrates consisting of the free sugars, 
levulins, and inulin were determined by the method of Traus and Suart- 
TERY (17), while total pentosans were estimated according to the method 
of McRary and Suiatrery (11). Resins and rubber hydrocarbon were 
determined according to the method of Traus (15). Analyses of variance 
were carried out on the data and the difference required for significance 
at the 5% level, calculated according to the methods described in Hayes 
and ImMer (9). 


Data 


In presenting the data the dry weights of the flowers, leaves, stems, 
and roots are given. The percentage content of the various materials in 
the leaves was determined but, with the exception of the total pentosans 
which averaged about 10%, the content of these materials was small and 
did not vary significantly with treatments. Therefore, for the sake of 
brevity, the results of the analyses on the leaves have been omitted. 

The dry weight of the various parts of the plant that grow above 
ground, 1.e., flowers, leaves, and stems, increased with increased soil tem- 
perature up to 80 or 85° F in both experiments, then decreased with fur- 
ther increase in temperature. The maximum dry weight of the roots, 
however, was obtained at a soil temperature of 65° F in both experiments, 
although the dry weights at 70° and 75° did not differ significantly from 
those at 65° (fig. 1). The plants in experiment 1 did not make nearly 
the growth of those in experiment 2. This could be due to the longer 
duration of the growth period, but the smaller differences between the 














BENEDICT: TEMPERATURE EFFECT ON GUAYULE 379 


maximum and minimum dry weights in experiment 1 suggest that some 
other factor, perhaps a soil deficiency, was limiting the growth in the 
more favorable temperatures in this experiment. Soon after the differen- 
tial soil temperatures were applied to the plants of the first experiment 
they exhibited signs of nitrogen deficiency. The same amount of am- 
monium phosphate was then added to the plants in all the treatments and 
the nitrogen deficiency symptoms disappeared and did not recur. This 
might be considered as additional evidence that some factor related to the 
soil was retarding the growth of the plants in experiment 1, especially at 
the higher temperatures, as at the lower temperature the dry weights of 
the plants in the two experiments did not differ greatly from each other. 
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Fie. 1. Dry weight of guayule plants grown in different soil temperatures but at 
an air temperature of 75° F. Data from experiment 1 are shown by broken line; from 
experiment 2, by solid line. Least significant difference P < .05 represented by ‘‘I’’ bar. 


In experiment 1, when the differential temperatures were first applied, 
the plants in the 40, and 50° tanks quickly wilted, in spite of the soil 
being very wet, and remained so for about four days. As a result of this 
observation, the moisture percentage of the plants in the various treat- 
ments was closely observed at the time of harvest. The results in figure 2 
show that the moisture content of all parts of the plants was lowest at the 
lowest soil temperature, but reached a maximum at about 65° or 70° F. 
The moisture contents at the highest soil temperatures, except in the 


leaves, were usually significantly lower than at 65° but not nearly as low 
as those at 40° and 45°. Results seem to indicate that the guayule plants 
have difficulty in absorbing sufficient water at both low and high tem- 
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peratures but that much greater difficulty is encountered at the low tem- 
perature. 

Except for the free sugar content of the stems, which did not differ, 
the percentages of free sugars, levulins, and inulin in both experiments 
were highest at the lowest soil temperature, decreased rapidly as the soil 
temperature was increased to 65° F, but did not change significantly with 
further increases in soil temperature. The pentosan content, on the other 
hand, was lowest at the lowest soil temperatures, reached a maximum at 
65° and 70° F, then showed no change as the soil temperature was fur- 
ther increased (table 1). The percentages of the various carbohydrates 
were generally considerably higher in the stems than in the roots. 

No very general statements can be made concerning the grams per 
plant of the carbohydrates, except that the low soil temperatures seem to 
favor the accumulations of the levulins and inulin, which are the impor- 
tant carbohydrate reserves (14, 16). 
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Fic. 2. Moisture content of guayule plants grown in different soil temperatures 
but at an air temperature of 75° F. Data from experiment 1 are shown by broken 


line; from experiment 2, by solid line. Least significant difference P <.05 represented 
ay **a* ee 


The percentage of resins in the roots and stems of experiment 1 was 
lowest at the 65° and 70° soil temperature and increased as the tempera- 
ture was raised or lowered. In experiment 2, the highest resin percent- 
age was found at the lowest soil temperature and gradually decreased as 
the soil temperature increased (fig. 3). The actual amount of resins per 
plant was greatest in both experiments at soil temperatures of 80° to 85° 
in the stems and at 65° in the roots (fig. 4). 

The rubber percentage in the stems and roots in the first experiment 
decreased as the soil temperature was increased from 40° to 65° F, then 
increased as the soil temperature was increased from 65° to 90°. In the 
second experiment, the rubber percentage continued to decrease as the soil 
temperature was increased from 45° to 95° (fig. 5). In spite of the dif- 
ferent behavior of the rubber percentages in the two experiments, the 
maximum amount of rubber on a grams-per-plant basis was produced in 
next to the highest temperatures, i.e., 80° and 85° F, with the exception 
of the roots of the plants in the second experiment when the maximum 
amount was produced at a soil temperature of 65°. However, even in 
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this instance, the amount produced in the stems at the soil temperature of 
85° was so much greater than at 65° that the total amount produced by 
the entire plant was greatest at 85° F (fig. 6). 


Discussion 


In discussing the results, it seems necessary to stress the difference in 
growth responses of the plants in the two experiments. The dry weights 


TABLE I 


PERCENTAGE OF CARBOHYDRATES IN GUAYULE PLANTS GROWN IN VARIOUS 
SOIL TEMPERATURES 


CARBOHYDRATE CONTENT 








PLANT PART - - prt 
AND SOIL FREE SUGARS LEVULINS INULIN PENTOSANS 
TEMPERATURE — —-— ~ Si, 
Expt. 1 Expt. 2 Expt. 1 Expr.2 Expt.1 Expr.2 Expt.1 Expt. 2 
% % % % % % % % 
Stems 
Degree F 
40 38 8.67 3.50 16.63 
45 61 8.47 2.20 17.36 
50 46 6.23 1.15 17.65 
55 .63 4.31 34 19.99 
65 35 52 2.34 1.50 39 24 18.45 20.31 
70 38 1.88 36 18.22 
75 64 1.41 16 19.89 
80 35 2.70 27 18.05 
85 55 1.24 13 19.66 
90 35 2.71 61 18.36 
95 .68 1.88 14 19.82 
*LS.D. P< .05 .28 .29 1.13 1,24 41 77 42 48 
Roots 
Degree F 
40 61 4.32 1.60 14.57 
45 .98 10.39 1.80 14.77 
50 59 3.55 77 15.15 
55 86 6.69 83 14.85 
65 21 25 57 .79 23 05 14.18 15.18 
70 14 23 10 15.00 
75 27 62 04 15.17 
80 31 27 42 16.70 
85 36 56 .03 15.85 
90 22 .62 40 15.42 
95 .50 94 .07 16.33 
*LS.D. P< .05 .28 .29 1.13 1.24 41 77 42 48 


* Least significant difference. 


of the various parts of the plants did not differ significantly from each 
other at the lowest soil temperatures but as the soil temperature was 
raised the difference between the plants in the two experiments greatly 
increased, those of experiment 2 having increasingly greater dry weight 
than those of experiment 1. As the soil temperature increased beyond 
65° F, the above-ground parts of the plants of experiment 1 showed barely 
significant increases in dry weight, while those of experiment 2 showed 
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Fie. 3. Resin percentage of guayule grown in different soil temperatures but at 
an air temperature of 75° F. Data from experiment 1 are shown by broken line; from 
experiment 2, by solid line. Least significant difference P <.05 represented by ‘‘I’’ 
bar. 


very great increases. These results indicate that at the lower tempera- 
tures the rate of growth in both experiments was limited primarily by the 
soil temperature, but at the higher temperatures that some additional fac- 
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Fic. 4. Grams of resin in guayule plants grown in different soil temperatures but 
at an air temperature of 75° F. Data from experiment 1 are shown by broken line; 
from experiment 2, by solid line. Least significant difference P <.05 represented by 
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tor was suppressing the growth of the plants in experiment 1 and not in 
experiment 2. This factor must be kept in mind in considering the re- 
sults obtained with the various constituents. 

In spite of the differences in growth rates, the results of the two ex- 
periments in an air temperature of 75° F indicate that a soil temperature 
of 80 to 85° F is optimum for the growth of the above-ground parts 
(flowers, leaves, and stems) of guayule plants, and 65° F is the optimum 
soil temperature for root growth. Erickson and Sir (8) obtained the 
greatest dry weight of new roots and top growth of transplants in nutrient 
solution after three weeks at 70° F and the greatest top growth in soil at 
78.5° F. These results are in fairly close agreement with those obtained 
here. Erickson and Smit (8) have published data on the soil tempera- 
ture at three different depths and the air temperatures at Salinas from 
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Fie, 5. Rubber percentage of guayule plants grown in different soil temperatures 
but at an air temperature of 75° F. Data from experiment 1 are shown by broken line; 
from experiment 2, by solid line. Least significant difference P <.05 represented by 
“5”? Bar. 


September 1944 through March 1945. During this period, the soil tem- 
perature was below 65° F'; assuming that this was not far from an average 
year, these low soil temperatures probably contributed to the slow growth 
made by the guayule plants during this season of the year at Salinas. 

The action of the low temperatures in slowing down the growth is, of 
course, related to the direct effect of temperature on various chemical 
reactions. In addition, the wilting of the plants at the start of the ex- 
periment and the low moisture content of the plants suggest that, even 
though abundant moisture is present in the soil, the roots cannot take it 
in rapidly enough to meet the demands of the tops, especially when they 
are in a higher temperature than the roots. 

The percentage content of the various constituents show two rather 
distinct trends. Regardless of the growth made by the plants, partieu- 
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TABLE II 





GRAMS OF CARBOHYDRATE PER GUAYULE PLANT GROWN IN VARIOUS SOIL TEMPERATURES 





PLANT PART —— 
AND SOIL FREE SUGARS LEVULINS INULIN PENTOSANS 
TEMPERATURE --—- —~ --— - - 
Expt. 1 Expt.2 Expt. 1 Expr.2 Expr.1 Expt.2 Expr.1 Expr. 2 
grams grams grams grams grams grams grams grams 
Stems 
Degree F 
40 .009 .208 .085 .399 
45 .018 .255 .066 522 
50 .017 .228 .042 .646 
55 .034 .236 .019 1.093 
65 .021 .071 139 .206 .023 .033 1.094 2.785 
70 .022 .109 .021 1.057 
75 .120 .266 .030 3.751 
80 .021 .162 .016 1.083 
85 137 310 .032 4.907 
90 .017 133 .030 .900 
95 119 .328 .024 3.455 
*LS.D. P< .05 Not 
Sig. .030 .044 .081 .025 .033 .090 220 
Roots 
Degree F 
40 .005 .035 .013 118 
45 .022 .237 .041 337 
50 .010 .060 .013 .256 
55 .035 .273 .034 606 
65 .008 .021 .022 .067 .009 .004 546 1.281 
70 .005 .012 .004 A91 
75 .021 .049 .003 1.195 
80 .008 .007 011 436 
85 .028 .043 .002 1.230 
90 .005 .014 .009 344 
95 .026 .050 004 862 
*LS.D. P< .05 Not Not Not 
Sig. Sig. .044 .081 Sig. .033 .090 .220 
* Least significant difference. 
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larly the suppression of growth at the higher temperatures in experiment 
1, the carbohydrate percentage in both experiments showed the same re- 
sponse to increasing soil temperatures. The percentages of resins and 
rubber, however, showed different responses in the two experiments. In 
the second experiment, the resin and rubber percentage decreased stead- 
ily as the soil temperature was raised but in experiment 1, where some 
factor seemed to be suppressing the growth of the plants, the percentages 
of resins and rubber increased as the soil temperature was raised above 
65°. Thus, it would seem that the carbohydrate contents of the plants 
are influenced primarily by the soil temperature, whereas other factors 
may readily counteract the effect of the soil temperature on the resins 
and rubber content of guayule plants. It can also be concluded that high 
soil temperatures per se will not prevent rubber accumulation in the 
guayule plant from the standpoint of either percentage or total yield, but 
that their effect will vary with other growth conditions imposed on the 
plants. It would seem that low soil temperature below 65° F will always 
favor an increase in rubber and carbohydrate percentages. 

When actively growing guayule plants are subjected to conditions that 
check their vegetative growth, as high or low temperature (2, 18), drought 
(1, 10), reduction of available essential elements as nitrogen and phos- 
phorus (3, 12), and even boron (13), rubber accumulates rapidly. Bon- 
NER and Gaston (5) have stated that it would seem that rubber accumu- 
lation occurs particularly under conditions favorable for assimilation 
but unfavorable for excessive vegetative growth. The experiments re- 
ported here seem to emphasize this point. The air temperatures sur- 
rounding the leaves were favorable for photosynthesis, while the low soil 
temperatures (below 65° F') were unfavorable for rapid vegetative growth 
and the rubber percentage was higher in the low temperature in both ex- 
periments. Soil temperatures above 65° were favorable for vegetative 
growth and where no growth-suppressing factor was present (experiment 
2) the rubber percentage decreased, but where such a factor was present 
(experiment 1) the rubber percentage increased. 

In these experiments, regardless of soil temperature, the air tempera- 
ture was the same yet the percentages of the various constituents in the 
tops varied with changes in soil temperature almost exactly as they did in 
the roots. Of course, to obtain a complete picture of the influences of 
soil temperature, the air temperature should also be varied. Such ex- 
periments are for the future. However, these results do show that, re- 
gardless of air temperature, soil temperatures will have a marked influ- 
ence on the gowth and chemical composition of the above-ground portion 
of the plants. 

With the exception of the water-soluble carbohydrates in the roots of 
both experiments and the stems of experiment 1, the grams per plant of 
the various constituents more closely followed the trend in dry weight of 
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the plant part than the percentage of the dry weight they made up. In 
other words, the yield per plant under the conditions of these experi- 
ments depended more on the effect of the soil temperature on the total dry 
weight of the plant than on the percentage composition of the compound 
under consideration. Thus, the highest total yield of rubber occurred in 
both experiments in the plants grown in the next to the highest soil tem- 
perature or at 80° and 85° F, even though in experiment 2 these plants 
had a relatively low rubber percentage and in experiment 1 they had a 
relatively high one. This is important from the standpoint of rubber 
yields as it indicates that, other conditions being equal, the fairly high 
soil temperatures will result in the greatest production of rubber. 


Summary 


1. Two experiments are reported in which guayule plants were grown 
in a constant air temperature of about 76°, but in soil temperature vary- 
ing from 40° to 95° F. The soil of the first experiment produced a very 
rapid initial but a reduced later rate of growth; that of the second pro- 
duced a fairly rapid rate of growth throughout. 

2. In both experiments, the maximum dry weight of the above-ground 
parts of the plants occurred at a soil temperature of 80° to 85° F and of 
the roots at a soil temperature of 65° F, while the lowest dry weight of all 
parts of the plants occurred at 40° to 45° F. 

3. In experiment 1, the difference, between the highest and lowest dry 
weights at the different soil temperatures was proportionately very much 
less than between those of experiment 2, indicating that some factor such 
as soil, or condition associated with the year of the experiment, was limit- 
ing the growth of these plants so that growth response to soil temperature 
could not be expressed as it was in experiment 2. 

4. The percentage of free sugars, levulins, and inulin in both experi- 
ments dropped rapidly as the soil temperature was increased to 65° F, 
but no further change occurred as the soil temperature was increased to 
95° F. 

+. The percentage of rubber and resin in the stems and roots in both 
experiments decreased as the soil temperature was raised from 40° to 
65° F, and in the plants of experiment 2 continued to decrease with fur- 
ther increases in soil temperature up to 95° F. In experiment 1, how- 
ever, where the growth seemed to be depressed, the resins and rubber per- 
centages increased as the soil temperature was raised from 65° to 90° F. It 
is concluded that low soil temperatures wi!l tend to increase the rubber 
percentage in guayule plants but that high soil temperatures per se will 
not necessarily mean a low rubber percentage. 


6. The yield of rubber on a grams-per-plant basis was associated with 
the dry weight of the plant rather than the percentage content. The 
highest yield was obtained from the plants in the 80° to 85° soil tem- 
peratures. 
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7. Although the different treatments were actually applied only to the 
roots of the plants, both the roots and the top were affected in the same 
manner so far as the percentage composition of the various compounds 
determined was concerned. 

U. 8S. NATURAL RUBBER RESEARCH STATION 


U. S. DEPARTMENT OF AGRICULTURE 
SALINAS, CALIFORNIA 
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THE ORTHO EFFECT IN PLANT GROWTH-REGULATORS 


CORWIN HANSCH AND ROBERT M. MUIR 
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Introduction 


In an earlier publication (2) a comparison was made of the growth reg- 
ulating activites of various compounds as indicated by the elongation of 
sections of Avena coleoptiles. From this comparison it was seen that the 
substitution of various halogen atoms in the phenoxyacetic acid (POA) 
structure increased its effect on elongation except when both ortho posi- 
tions were occupied. Also, substitution of methyl groups in the 2, 4, and 6 
positions destroyed the activity of both the POA and the phenylacetie acid 
(PAA) structures. It was proposed that these compounds require a free 
or potentially free ortho position to effect cell elongation. This paper re- 
ports additional evidence for this ortho effect. 


Materials and methods 


Test plants were grown and used exactly as described previously (2). 
The data are expressed as differences in the average percentage elongation 
of 15 sections growing in 25 ml. of the solution of the chemical and in dis- 
tilled water; thus comparisons with previous tests can be made directly. 

Three of the compounds studied in this investigation have not been re- 
ported in the literature. Following is a description of the methods used 
for their preparation and some of their physical properties. 

2,6,-DIBROMOPHENOXYACETIC AcID.—In 50 ml. of absolute methanol were 
placed 2.5 g. of 2,6-dibromophenol (obtained from Eastman Kodak), 2.3 
ml. of ethylbromoacetate and 0.6 g. of anhydrous sodium methylate. This 
mixture was refluxed for seven hours. It was then cooled and an equal 
volume of 10% sodium hydroxide solution was added to it. This mixture 
was extracted with ether. The ether was then evaporated and the residual 
ethyl 2,6-dibromophenoxyacetate hydrolyzed for two hours with 50 ee. of 
10% sodium hydroxide. Acidification of this solution with hydrochloric 
acid precipitated 1.4 g. product, m.p. 142-144°. After crystallization from 
ethanol and then benzene, the pure white crystals melted at 152—153.5° corr. 
Analysis: Caled. for CsH,O,Br.: C, 30.97% ; H, 1.94% 

Found: C, 31.43% ; H, 2.18% 
2.5-DICHLOROPHENYLHYDRAZONE OF ETHYL LEVULINATE.—2,5-Dichloro- 
phenylhydrazine (1 g.) was dissolved in just enough dilute hydrochloric 
acid to effect solution. To this solution was added 0.82 g. of ethyl levulinate. 
The mixture was shaken and allowed to stand overnight. The brown crys- 
tals which separated were purified by crystallization from ligroin (b.p. 
§5-110°) giving 1.1 g. yield, m.p. 75-76° corr. On standing, these tan 
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crystals decomposed. It was necessary to do all further work as soon as 
possible. 
Analysis: Caled. for C,,;H,,0.N,Cl.: C, 51.15%; H, 5.87% 

Found: C, 51.61%; H, 5.44% 

The phenylhydrazone of the above ester could be hydrolyzed by heating 
with dilute hydrochloric acid to give the 2,5-dichlorophenylhydrazone of 
levulinie acid, m.p. 132—133° corr. 

Analysis: Caled. for C,,H,,0.N.Cl.: C, 47.65%; H, 5.05% 
Found : C, 47.89% ; H, 4.61% 
This acid was found to have no plant growth activity 
4,7-DICHLORO-2-METHYLINDOLEACETIC ACID.—1.5 g. of the above dichloro- 
phenylhyrazone was thoroughly ground with 6 g. of anhydrous zine chloride. 
This mixture was heated at 180-190° for one hour. It was then cooled and 
decomposed with dilute hydrochloric acid and ether. The ether layer was 
separated and the ether evaporated. The residue was boiled for three 
hours with 25 ml. ethanol and 5 g. of potassium hydroxide. After dilu- 
tion with water, this mixture was extracted with ether. The aqueous layer 
was acidified wtih acetic acid. The solution was boiled to remove any ex- 
cess acetic acid and then cooled to 0° C. The precipitate was removed by 
filtration, dissolved in sodium bicarbonate solution, filtered and then re- 
precipitated with acetic acid, yield 0.3 g., m.p. 235° dee. This product was 
erystallized from benzene-ligroin, m.p. 245° dee. corr. 
Analysis: Caled. for C,,H,O.NCI,: C, 51.17%; H, 3.5%; N, 548% 
Found: C, 51.07%; H, 4.2%; N, 5.12% 


Experimental results 


The data of representative tests of the activities of the compounds at 
various concentrations are found in table I. Compounds 1, 2, 3, 6, 7, and 
9 have both ring positions ortho to the position of attachment of the side 
chain blocked with halogen atoms or methy! groups. These compounds do 
not bring about elongation of the coleoptile sections although they have 
the basie structure for activity in this respect. This lack of activity is 
particularly striking when one compares compounds 1, 2, and 3 with 
compound 4 (2,4,5-trichlorophenoxyacetic acid) which has activity of the 
same order as 2,4-dichlorophenoxyacetic acid (2,4-D) and indoleacetiec acid. 
The loss of activity which occurs when the halogen is moved from the 5 
position to the 6 position is duplicated by substituting the open 6 position 
in 2,4-D with a methyl group giving the 2,4-dichloro-6-methyl derivative 
of POA. Although it seemed unlikely that the 4 position was of any im- 
portance, a compound with this position open, 2,6-dibromophenoxyacetic 
acid, was prepared and found to be inactive as expected. SYNERHOLM and 
ZIMMERMAN (4) found the 2,6-dichloro derivative likewise inactive in the 
elongation effects they studied. 

This ortho effect has been demonstrated also for PAA and its derivatives. 
PAA is quite active but the 2.4.6-trimethy! derivative is inactive in in- 
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ducing cell elongation. The data in table I show that y-phenylbutyric acid 
is active but 2,4,6-trimethyl-y-phenylbutyric acid is inactive and about 10 
times more toxic. 

In a private communication Professor K. V. Thimann of Harvard Uni- 
versity has informed us that he finds samples of the 2,4,6-trichloro, bromo, 
and methy] derivatives of POA submitted to him by us, to be virtually in- 
active in the pea test thus confirming the results of the Avena test. 

The extension of the ortho effect to the substituted indoleacetic acids is 
of considerable interest. It may be seen in table I that 2-methylindole- 
acetic acid induces cell elongation although its activity is less than that of 


TABLE I 


PERCENTAGE ELONGATION OF SECTIONS OF COLEOPTILES IN SOLUTIONS 
OF ORGANIC COMPOUNDS AS COMPARED WITH PERCENTAGE 
ELONGATION IN WATER 


MOLAR CONCENTRATIONS x 10-4 


2.0 1.0 0.5 0.1 0.05 0.01 0.005 0.001 





1. *2,4,6-Trichloro- 
phenoxyacetie acid -1ll + 4 0 0 0 0 
*2,4,6-Tribromo- 


bo 


phenoxyacetic acid -ll - 3 0 0 0 0 
2,4-Dichloro-6-methy]- 

phenoxyacetie acid -19 -14 + 6 0 0 0 0 
4. 2,4,5-Trichloro- 

phenoxyacetic acid - 2 +16 +31 +28 +26 +18 +8 
5, *2,4-Dichlorophenoxy- 

acetic acid - 8 +10 +28 +30 +31 +24 421 +7 
6. 2,6-Dibromophenoxy- 

acetic acid -13 0 0 0 0 0 0 
7. 2,4,6-Trimethyl-y- 

phenylbutyrie acid -23 -19 - 5 - 3 0 0 0 
8. *y-Phenylbutyrie acid -11 +13 +16 +13 8 
9. 4,7-Dichloro-2-methy]- 

indoleacetie acid -19 + 6 +412 0 0 0 
10. *Indoleacetic acid +23 +38 36 +36 +29 +25 0 
ll. *2-Methylindoleacetic 

acid +10 +32 429 +16 ~ 0 0 


* These data previously reported (2). 


indoleacetic acid. However, when the 4 position is blocked with a halogen 
atom, as is the case with 4,7-dichloro-2-methylindoleacetic acid, the activity 
of the molecule is almost completely destroyed. Thus in their effects on 
the activity of the molecules in cell elongation the 2 and 4 positions in the 
indole nucleus may be compared with the 2 and 6 positions in POA and 
PAA. Srevens and Fox (3) have prepared a number of 2-methylindole- 
acetic acids with substituents on the benzene ring of the indole nucleus. 
They report these derivatives to be active in the pea test. None of the 
compounds which they reported have substituents in both the 2 and 4 posi- 
tions however. 
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Discussion 


Without exception the compounds tested in these investigations have 
demonstrated the existence of an ortho effect in their activity as growth 
regulators. Compounds which do not have a free or potentially free ortho 
position do not induce cell elongation. The importance of the ortho posi- 
tion seems best explained by assuming that substituents present in both 
ortho positions prevent the reaction of the growth regulator with a plant 
substrate (2) . There are two ways in which such groups might function 
to block such a reaction. First, by blocking a reaction at the ortho posi- 
tion, or second, by steric hindrance of a reaction which might take place 
through a side chain. In considering the second of the above postulates, 
it is unlikely that groups in the ortho position would interfere sterically 
with reactions taking place on the side chain beyond the first two atoms at- 
tached to the ring. It has been shown (1) that although diorthosubstituted 
benzoic acids are extremely difficult to esterify by the usual methods, sub- 
stitution of a CH, group between the carboxyl group and the benzene ring 
circumvents the influence of the ortho substituents. Thus it seems un- 
likely that the ortho substituents in the molecules reported in this paper 
(table I, nos. 1, 2, 3, 6, 7, and 9) should have any important influence on 
the reaction of the carboxyl group with a substrate. Certainly in the case 
of 2,4,6-trimethyl-y-phenylbutyric acid, steric hindrance of the carboxyl 
group by the methyl groups would be impossible, yet the compound is 
vompletely inactive. This leads one to the conclusion that either an ortho 
position or the first atom in the side chain is involved in the reaction of 
the growth regulator with a substrate. 

That it is the first atom in the side chain which is involved in the reac- 
tion seems unlikely when one considers the great variety of units which 
may constitute this first position (O, NH, S, CH., CH=) in molecules 
which have significant activity with respect to cell elongation. Thus, on 
the basis of the information available at present, it is most reasonable to 
assume that the growth regulators are involved in a chemical reaction with 
a plant substrate through one of the ortho positions. If this assumption is 
true, then the effects of substituents on the ring should be very important 
in governing the rate of reaction at the ortho points. An investigation of 
different electronic characteristics should give a clue as to the nature of 
the reaction involved. Preliminary data gathered on this problem indicate 
that, other things being equal, electrophilic groups para to an open ortho 
position inerease the effect of the phenoxyacetie acids, while nucleophilic 
groups para to an ortho position decrease the effect of the acids in cell 
elongation. Additional data are required to establish this relationship 
and a number of other compounds are being tested to evaluate this postulate. 


Summary 
Further evidence is presented for the blocking of plant growth activity 
by substitution of both ortho positions in phenoxyacetie and phenylbutyric 
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acids. This same effect is noted for an indoleacetic acid with the 2 and 4 
positions substituted. The evidence is interpreted to mean that plant 
growth regulators of the above types react with a plant substrate through 
an ortho position. 
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Introduction 


Nitrogen and potassium are the two fertilizer elements that are needed 
in largest amounts in most tung orchards of the southern United States. 
Supplying these elements at the optimum rates and in the proper ratios 
is an important nutritional problem. Leaf analysis has proved to be a 
valuable criterion of the nutritional status of tung trees, and, as more basic 
information on the relation of mineral composition to physiological proc- 
esses and biochemical constituents is accumulated, it should become even 
more useful. For example, it would be helpful to know the effect of cer- 
tain concentrations and ratios of nitrogen and potassium in the leaves on 
the rate of photosynthesis, which in turn must be intimately related to 
growth, productivity, and storage and utilization of carbohydrates. 

The sand-culture technique seemed the best approach to this problem 
since it afforded a high degree of precision per number of plants, together 
with greatest ease of control and manipulation. The usual procedure in 
water or sand cultures is to grow plants in solutions in which the nutrient 
salts are maintained at definite levels and ratios, and subsequently to make 
chemical and physiological tests on the plants and on residual or effluent 
nutrient solutions. In the present study an attempt was made to develop 
rather specific differences in levels of minerals in the leaves. The compo- 
sition of representative plants was determined from time to time and the 
nutrient solutions were adjusted as necessary to produce as nearly as pos- 
sible the desired mineral concentrations in the plant tissue. 

The objectives of this experiment were (1) to grow plants containing 
three levels of nitrogen and potassium in factorial combinations, while 
maintaining other elements at optimum or above deficiency concentrations, 
and (2) to determine the effect of these nutritional variations in the plant 
on growth, apparent photosynthesis, and chemical composition. 


Materials, method, and procedure 
GENERAL PROCEDURE.—On July 17, 1944, selected seedlings from open- 
pollinated seed of L-2 and L-14 clones were transplanted from the nursery 
bed to 4-gallon-capacity glazed jars containing medium-coarse sand. The 


1 Now assistant director, Federal Experiment Station, Office of Experiment Sta- 
tions, Mayaguez, Puerto Rico. 
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seedlings were two months old and about 12 inches tall with six to nine 
leaves when transplanted. The holes at the bottoms of the jars were cov- 
ered with glass wool, and drainage was facilitated by slight inclination of 
the jars. A total of 66 jars were planted as follows: 30 with one seedling 
each; 30 with five seedlings each; six with two seedlings each. A com- 
plete nutrient solution was supplied daily to all plants for a period of five 
weeks, ending on August 22. On that date, the 12 seedlings from the six 
jars of two each were harvested for mineral and carbohydrate analysis and 
the differential treatments were started. Thereafter, at intervals of about 
three weeks, one or two representative seedlings were harvested from each 
of the pots originally containing five plants, for mineral and carbohydrate 
analysis.” 

DESIGN OF EXPERIMENT.—A 3 x 3 factorial design was used with three 
levels each of nitrogen and potassium. Each treatment was replicated six 
times. The nine jars in each replication were arranged in a single 
north-south row, the six replications occupying benches side by side in an 
open area. The treatments were randomized within each replication. 
Exposure of ali the plants to light was fairly uniform, particularly dur- 
ing the time photosynthesis measurements were being made, when all 
seedlings received the maximum light available. 

LEVELS OF POTASSIUM AND NITROGEN DESIRED IN THE LEAVES.—The per- 
centages of potassium desired in the leaves for high, medium, and low 
levels were 1.2, 0.8, and 0.4%, respectively. Extensive analyses of leaves 
taken from widely scattered orchards with different soil types and culture 
indicate that these levels are representative of the range normally found in 
the field. Leaves containing in the neighborhood of 0.4% potassium usu- 
ally show definite deficiency symptoms, depending somewhat on the par- 
ticular conditions, time of sampling, balance of other elements, and other 
factors. It has also been found that trees grow well and appear healthy 
with 0.8% potassium in the leaves; and this percentage may be considered 
an average figure for most healthy orchards. Data obtained in the course 
of other experiments indicated that increasing the potassium content of the 
leaves above 0.8% might be effective in increasing growth and productivity ; 
and consequently a level of 1.2% K was adopted as the highest level and 
one that might induce optimum growth. Only under special conditions has 
more than 1.2% K been found in tung leaves in the field. 

The percentages of nitrogen desired in the leaves for high, medium, and 
low levels were 2.50, 1.75, and 1.25, respectively. Definite deficiency symp- 
toms have been observed in the field with leaves containing around 1.25% 
nitrogen; consequently this was taken as the lowest figure. On the other 
hand, a percentage of 2.5 nitrogen in the leaves has been found to be asso- 
ciated with the best growth and fruiting conditions. An intermediate fig- 

2 Data from plants grown one to a jar and five to a jar were recorded separately to 
determine if there was any difference in response or composition. Analysis of the data 
showed no consistent difference in growth or composition between the two types of plants. 
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ure of 1.75% was thought to be a sub-optimum level, although fair growth 
has been observed with trees at this level. 

NUTRIENT SOLUTIONS.— Water used in making up the nutrient solutions 
was de-ionized by running tap water through two Amberlite towers (cation 
exchanger and anion exchanger) connected ia series (8). The variations 
in concentration of different nutrients necessary to attain the desired nu- 
tritional levels within the plant are set xsorth in detail in table I. These 
modifications were made in accordance with leaf analyses usually completed 
within about a week after each sampling date, thus permitting close control 
of the nutrient levels within the leaf. As a rule, one liter of the nutrient 
solution was applied in the morning and one in the late afternoon. This 
was done to maintain the concentration of nutrient salts approximately at 
the level at which they were applied and to minimize marked changes in 
pH which normally result from unequal absorption of ions by the plants. 
The various solutions were adjusted to a pH of 5.2 with sulphuric acid and 
constant check was made on the pH of the effluent from jars in each treat- 
ment. Adjustments in the initial acidity of the various solutions were 
made when necessary. 

The concentrations of calcium and of magnesium in all of the nutrient 
solutions were unchanged through the experiment (232 p.p.m. Ca and 48 
p.p.m. Mg), but the levels of these elements in the leaves of the plants of 
the various treatments varied somewhat. At the last sampling date, mag- 
nesium ranged from 0.28 to 0.72% and calcium from 2.10 to 2.84, with one 
exception where the percentage of calcium was only 1.50. The calcium 
and magnesium tended to be negatively correlated with the level of potas- 
sium in the leaves. The inverse relationship between potassium and mag- 
nesium is found whenever variations in potassium supply oeceur. A much 
higher level of magnesium is usually found in the leaves from potassium- 
deficient tung orchards than in the leaves of trees with an adequate potas- 
sium supply, even though soil analyses do not indicate any difference in 
the amount of available magnesium. The same relationship is found in 
apple trees (1). The relationship between calcium and potassium is simi- 
lar but is not so pronounced. 

At the last sampling date, the phosphorus content of the leaves ranged 
from 0.19 to 0.36% and there was some indication of a negative correlation 
between the concentrations of potassium and phosphorus. Earlier in the 
experiment, when phosphorus was the same in all! solutions, the phosphorus 
tended to be high in tissues when the nitrogen was high, and low when the 
nitrogen was low. However, this trend was partially reversed when the 
nitrogen in the N, solution was reduced by half on September 18. In gen- 


eral, the percentage of phosphorus in the leaves of plants in all treatments 
was well above the usual concentration found in normal trees in the field 
(table IT). It is not known what effect such fluctuations as existed would 
have on the functions of the plants. 
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Shortly after the treatments started, the plants growing in the high 
nitrogen solutions began to show symptoms of iron deficiency, although 
the amount of iron supplied was the same for all treatments. The pH of 
the effluent from the N, treatments was found to be above 6, which was un- 
doubtedly a factor in rendering the iron in the solution unavailable to the 
plants. This relatively high pH was probably due to increased absorption 
of anions such as nitrate and phosphate over that of cations like calcium 
and potassium, thus leaving a basic residue in the nutrient solution. This 
difficulty was brought under control when the treatment was altered by 
lowering the pH of the initial solution to 4.8 with sulphuric acid, reducing 
the concentration of nitrate ions in the nutrient solution, spraying the 
plants with a dilute solution of iron sulphate (50 p.p.m.), and increasing 
the iron content of the nutrient solution to 3 p.p.m. 

SAMPLING METHODS AND GROWTH MEASUREMENTS.—At the time dif- 
ferential treatments were started (August 22), 12 plants were harvested 
from six jars each of which contained two plants. These were composited 
for chemical analysis into two groups of six plants each. On September 11 
and on October 3, six plants were harvested from each treatment from jars 
that originally contained five seedlings. After the October 3 sampling, 
each jar contained a single seedling and these were harvested on October 
27. The six plants harvested from each treatment were composited into 
groups of three each and analyzed as two replications for total ash, nitro- 
gen, calcium, magnesium, and phosphorus as outlined by Drosporr and 
Panter (3). Leaves, stems, and roots were analyzed separately. Anal- 
yses were also made for reducing sugars, nonreducing sugars, starch, and 
polysaccharides. The carbohydrate methods were essentially those de- 
scribed by Seu et al. (10). The principal modification was in the use of 
oven-dried material instead of alcohol-preserved material. The composite 
plant materials were heated in a foreed-draft tray oven at 105° C for 10 
minutes and then dried to constant weight at 70° C. The leaves and 
fibrous roots were dried in about three hours, the wood tissue requiring a 
longer period. 

APPARENT PHOTOSYNTHESIS.—The rate of apparent photosynthesis was 
determined daily, August 22 to October 27, inclusive, using the HEINICKE- 
HorrMan (7) procedure. Eleven carbon dioxide absorption towers were 
used for the determination of CO,. Two of these served as air checks and 
the remaining nine were connected to assimilation chambers (6) each at- 
tached to a single leaf on a plant in each of the nine treatments. Each day 
the assimilation chambers were attached to plants of a different replica- 
tion. Thus, at the end of six days, data were obtained on all the replica- 
tions of each treatment. The photosynthesis measurements were usually 
made twice daily, in the morning from 9: 30 a.m. to 1: 00 p.m., and in the 
afternoon from 1: 30 to 4: 30 p.m. 

Growth measurements, which included height, diameter of trunk, number 
of leaves, and leaf area, were obtained from all the plants in the experiments 
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on the four sampling dates. In addition, fresh and dry weights of the in- 
dividuals harvested on each date were also obtained. 


Results 
Analysis of variance showed there was no significant interaction between 
N and K on the dry weight. Accordingly, the total dry weight of the 
plants in each nitrogen level, regardless of potassium level, and the total 
dry weight of the plants in each potassium level, regardless of nitrogen level, 
are presented graphically in figure 1, in which each point represents the 
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Fie. 1. Effect of three levels of potassium and three levels of nitrogen on the dry 
weight of tung seedlings. A, effect of potassium; B, effect of nitrogen. Each level of 
nitrogen or potassium is represented by the total dry weight of 18 plants on each sam- 
pling date. 


total weight of 18 plants. The low level of nitrogen had the earliest and 
most profound effect in retarding the dry weight development of the seed- 
lings. The dry weights of the N, and K, plants throughout the experiment 
were not appreciably different from those of the N, and K, plants. Statisti- 
eal analysis of the growth data indicated that the effect of nitrogen on dry 
weight of the plant at the October 3 sampling date was significant at the 5% 
level and attained significance at the 1% level at the last sampling date. On 
the other hand, the effect of potassium on dry weight attained significance 
only at the last harvest. Both N and K had a highly significant effect on 
trunk diameter and plant height by October 27. However, there was no ap- 
preciable difference in diameter and height between plants at the second and 
third levels of N or between those at the second and third levels of K. 

The data with respect to number and area of leaves at the last sampling 
date followed a trend similar to that of the other growth measurements ; the 
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N, treatment had the smallest number and area of leaves. The leaf area 
of the N, plants was similar to that of the N; plants, except at the last sam- 
pling date when the N, plants had a somewhat smaller leaf area, mainly 
because some of the basal leaves had abscised. Plants at the K, level dif- 
fered significantly in leaf area from those at the K, and K, levels, but to a 
lesser degree than in the case of nitrogen. There was no appreciable dif- 
ference in leaf area between the K, and K, levels. 

The first visible symptoms of deficiency occurred, as was expected, in 
the N, plants. This was first apparent on September 9, about three weeks 
after differential treatments had started and two days before the Septem- 
ber 11 harvest, which coincided with a depression in the rate of CO, as- 
similation. The leaves of the N, plants were lighter green in color than 
those of N, and N; plants and there was a definite check in growth. As 
time went on, they became more chlorotic and by September 20 some of the 
basal leaves had turned yellow and abscised. This became progressively 
more pronounced. The K, plants were retarded in growth, but at no time 
during the experiment were characteristic leaf symptoms of potassium de- 
ficiency evident in the leaves, although the percentage of K in the leaves 
declined to 0.46 in the plants of N.K, treatments at the final harvest date. 

The leaves of the N, plants began to show symptoms of incipient nitro- 
gen deficiency about two weeks before the experiment ended and chemical 
analysis showed the percentage of nitrogen in the leaves to be similar to 
that found in the N, plants at the time the deficiency symptoms appeared 
in them. 

APPARENT PHOTOSYNTHESIS.—Since an analysis of variance indicated 
that there was no significant interaction between nitrogen and potassium 
on the rate of apparent photosynthesis, only the main effects of these ele- 
ments will be presented. Nitrogen and potassium each had a significant 
effect on the rate of CO, assimilation. Presented graphically in figures 2 
and 3 are the main effects of nitrogen and potassium on the rate of ap- 
parent photosynthesis with the corresponding percentages of nitrogen and 
potassium in the leaves at the four sampling dates. 

It will be seen from figure 2 that there was a slight reduction in the 
rate of carbon dioxide assimilation of N, plants, particularly in the after- 
noon, about two to three weeks after the treatment was started. The aver- 
age percentage of nitrogen in the leaves of the N, plants at this time (Sep- 
tember 11) was 1.98. The photosynthesis rate of these plants showed a 


sharp drop the following week, and was reduced somewhat further during ; 


the next two weeks until it was approximately one-half that of the high 
nitrogen treatment at the time of the October 4 sampling date. The per- 
centage of nitrogen in the leaves at this time was 1.58. The following 
week the rate of apparent photosynthesis dropped to about 35% of that of 
the N; plants, and that relative rate was maintained more or less closely 
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Fig. 3. Effect of three potassium levels in the leaves on the photosynthetic activity 
of tung seedlings. Each point is the average daily rate for any given week—18 deter- 
minations per treatment. 
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until the end of the experiment when chemical analysis showed 1.38% 
nitrogen in the leaves. 

The rate of apparent photosynthesis of the N, plants was somewhat 
higher than that of the N; until October 4 after which it declined gradu- 
ally ; at the end of the experiment the N. afternoon rate was about 75% of 
the N,; rate. The nitrogen content of the leaves of these plants on the last 
sampling date (October 27) was 1.95%. A low rate of photosynthesis ob- 
served during the initial weeks of the experiment in leaves of the N, as 
compared with the N, plants was probably due to a concomitant deficiency 
of iron in the N, seedlings, which was later brought under control. 

Throughout the whole experiment there were no consistent differences 
in apparent photosynthesis between the K, and the K, plants, the leaves of 
which contained, respectively, 0.93 and 1.40% potassium at the final date, 
October 27 (fig. 3). During the first three weeks the rate of photosyn- 
thesis in the K, plants, the leaves of which contained 0.79% potassium at 
that time, did not differ significantly from that of the K, and K, plants. 
Subsequently the K, rate declined, with some variations, until the end of 
the experiment when the rate of CO, assimilation of the K, plants was 
about 65% of that of the K, seedlings. The potassium content of the K, 
leaves at this time (October 27) was 0.50%. 

Nitrogen deficiency seemed to affect the photosynthetic activity of the 
seedlings to about the same degree during morning and afternoon, whereas 
potassium deficiency seemed to depress the rate more in the afternoons than 
in the mornings (figs. 2 and 3). 

CARBOHYDRATE COMPOSITION.—The main treatment effects of the three 
levels each of potassium and of nitrogen upon the carbohydrate content of 
the leaves, stems, and roots are summarized in tables III and IV. 

1. Effect of potassium on carbohydrate fractions. (a) Leaves. <A low- 
ering in percentage of reducing sugars was found to be associated with an 
increase in the K level at all three sampling dates, and the difference- pro- 
duced by the lowest and highest K levels was greatest on October 27. The 
overall average decrease was highly significant (F = 30.5) ;* but on Septem- 
ber 11 and October 3 the difference between the K, and K, levels was with- 
out significance, and on October 27 K, did not differ significantly from K2. 

A highly significant (F = 8.9) increase in nonreducing sugars was found 
associated with increase in K level. Again this effeet was most pronounced 
at the last sampling date, corresponding to the period of greatest difference 
in K levels in the leaves. 

No significant main effect of K on the starch content was noted; but 
there was a highly significant interaction of K with date, and on the last 
sampling date the starch content of the K, leaves was only 1.90% in com- 
parison with 3.23% in the K, leaves, a difference of 0.45 percentage units 


3 The F values required for all treatment main effects reported in this paper are: 
at .05, 4.46; at .01, 8.65; at .001, 18.49. 
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being required for high significance. The effect of K on polysaccharides 
other than starch was of minor significance. 

(b) Stems. The decrease m percentage of reducing sugars with in- 
erease in K level was especially marked in the stems at the first sampling 
date, but was only slight at the last date, when the general level of reduc- 
ing sugar was low. The nonreducing sugar content fluctuated without sig- 
nificant trend. At all dates starch was lowest at the highest K level, the 
trend being of high significance. The trend in the other polysaccharides 
fraction was not significant for stems. 

(c) Roots. At all three sampling dates, the reducing sugar content of 
the roots was consistently depressed with an increase in K level. The per- 
centage of reducing sugars at the K, level was approximately twice that of 
the K; level at each of the three sampling dates. The nonreducing sugar 
percentage tended to increase with an increase in K level at all three dates, 
just as it did in the leaves. 

The starch and other polysaccharides showed no consistent effects of K. 

2. Effect of nitrogen levels on carbohydrate fractions. (a) Leaves. 
The effects of N on reducing and nonreducing sugar percentages in the 
leaves were similar to those of K, except that they were of a higher order 
of significance, particularly the increase in nonreducing sugars with an in- 
erease in N level. Starch percentage showed a decrease with increase in N 
at the first two sampling dates, followed by a striking reversal of the trend 
at the last sampling date. 

The effect of increasing N was to lower, in a highly significant manner, 
the other polysaccharide reserves of the leaves. 

(b) Stems. As in the case of K, the effect of increasing N in lowering 
the percentage of reducing sugars in the stem was most outstanding at the 
first sampling date; at the last sampling date it was reversed. A similar 
downward trend was found in the nonreducing sugar and stareh content of 
the stem, the greatest decrease produced by increasing N level being at the 
first date. The F value of 198.9 for the effect of N on starch content was 
the largest obtained from this study. An apparent tendency for other poly- 
saccharides to be high at the intermediate level of N attained high statis- 
tical significance (F = 8.9). 

(ec) Roots. The reducing sugar content of the roots was highest at the 
first sampling date at the N, level, but neither the main effect of N nor the 
interaction of N with date attained statistical significance. 

A highly significant general downward trend of nonreducing sugars 
with increase in N was found at the first date, whereas at the third date 
the highest percentage was at intermediate N. A tendency apparent on 
September 11 for starch to decrease at high levels of N was reversed on 
October 27. The data for other polysaccharides showed no consistent 
trends. 

3. Interactions. The most strikingly significant interaction of N with 
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K was that of starch content of the leaves. At the low level of N, percent- 
age of starch increased with level of K, while the reverse was true at the 
intermediate and high levels of N (table V). 


TABLE V 


STARCH CONTENT OF LEAVES AS AFFECTED BY THE INTERACTION OF NITROGEN WITH 
POTASSIUM (AVERAGES FOR THREE SAMPLING DATES) 





PERCENTAGE OF STARCH IN LEAVES 








NITROGEN LEVEL POTASSIUM LEVEL 
Low INTERMEDIATE HIGH 
EE ESS aS a De ee 2.10 2.45 2.80 
Tinterrmme diate annie cece 2.66 2.59 1.97 
BRE lcichscntirindtierreoceee s 2.49 1.98 1.98 





Least difference significant at .01 is 0.36. 


In the case of nitrogen, the trends of all constituents differed more 
widely at the three dates than in the case of K. The starch content of the 
leaves is an outstanding example of this interaction of level of N with 
dates (F = 79.5, where 7.5 is required for statistical significance at the .001 
level). This is in keeping with the fact that at the beginning of the ex- 
periment plants at all levels of nitrogen were healthy, while during the 
last period the plants ranged from severely deficient at N, to typical high 
nitrogen plants at N;. For example, the general effect of nitrogen in low- 
ering starch content becomes marked by the failure of low-nitrogen plants 
to continue production of starch. Thus the picture at the first sampling 
period, when no deficiencies but rather luxury levels prevailed, is often 
quite different from that at the last date, when deficiency limits for N and 
K had developed. 

Discussion 


The reduction in the rate of photosynthesis of the N, plants coincided 
with the first visible evidence of nitrogen-deficiency symptoms in the 
leaves. Associated with this was a check in growth resulting im reduced 
dry weight by the September 11 harvest date (fig. 1). Sinee the nitrogen 
content of the leaves at this time was 1.98, this value is probably very close 
to the ‘‘eritical concentration ’’ at which photosynthesis and growth are af- 
feeted. It is of interest to note that the rate of photosynthesis of the N. 
seedlings toward the end of the experiment was approximately the same as 
that of the N, plants earlier in the experiment when the nitrogen content 
was also approximately the same. This is additional evidence that the per- 
eentage value of 1.98 is fairly close to the critical level of nitrogen for 
photosynthesis and growth of young tung seedlings. When the nitrogen 
content of tung leaves approaches this value, there is insufficient nitrogen 
available to combine with the carbohydrates to form protein and other 
plant constituents necessary for growth. and this results in a cheek in 
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growth and an accumulation of the carbohydrates. The data at hand do 
not answer the question as to whether the accumulation of carbohydrates 
induces the initial reduction in CO, assimilation or whether the reduction 
is due primarily to the failure of some plant constituent, such as chloro- 
phyll, to be formed in sufficient amounts, so that it becomes a limiting fae- 
tor in the process of photosynthesis. 

By October 3 the nitrogen deficiency of the N, plants was fairly severe, 
the percentage of the element in the leaves being 1.58. Linear growth had 
stopped and gain in dry weight was only about 75% of that made by N, 
and N, plants. 

The low level of potassium had a less profound influence on reducing 
the rate of photosynthesis from that of the high level than did the difference 
in levels of nitrogen. As might be expected, the effect on dry weight was 
generally of the same order of magnitude as the relative photosynthesis 
rates, until the last sampling date when the dry weights of the K, and N, 
plants were approximately the same. 

It will be seen from figure 3 that the rate of CO, assimilation of K, 
plants was depressed more in the afternoons than in the mornings. One 
important factor which might account for this was the higher air tempera- 
tures which normally prevailed during the afternoon. If potassium de- 
ficiency causes an increase in the rate of respiration, as has been shown by 
Greaory and RicHarps (5) and by Ricwarps (9), then the lower rate of 
apparent photosynthesis in the afternoon could be attributed to the higher 
temperature, since a rise in temperature accelerates the rate of respiration 
more than it does the rate of photosynthesis (5, 9). Nitrogen deficiency, 
on the other hand, affected photosynthesis to about the same degree in the 
morning as in the afternoon, which indicates that it has no appreciable 
effect on the rate of respiration, although low N is presumed to be asso- 
ciated with low respiration. 

It is clear from the data on carbohydrate composition that the percent- 
age of reducing sugars was almost without exception lowest at the K,; 
level and highest at the K, level at the three sampling dates and in the three 
portions of the plant. This effect was particularly marked in the roots. 
The concentration of starch, one of the important carbohydrate reserves, 
followed a trend somewhat similar to that of reducing sugars, particularly 
in the stem, which contained the greater portion of the starch of the tung 
plant. The effect of K on the nonreducing sugars in the leaves was prac- 
tically the reverse of its effect on the reducing sugars. On all sampling 
dates markedly greater amounts of nonreducing sugars were found at the 
K; level than at K, or Kz. 

The directly opposite effect of K levels on accumulation of the two sugar 
fractions must be correlated with the facts that rates of photosynthesis and 
of growth were highest at the high K levels. Assuming first that sucrose 
is the photosynthetic end product, second that reducing sugar is the prin- 
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cipal metabolite utilized in growth and respiration, and third that the rate 
of inversion of sucrose is relatively slow, sucrose would accumulate at high 
K levels where the reducing sugar formed would be most rapidly depleted. 

If, on the other hand, the hexoses are the first products of photosynthesis, 
the data would indicate that condensation to sucrose and starch occurs most 
rapidly at high K levels even though utilization tends to keep the hexoses 
at a low level. It should be noted that the trend in nonreducing sugars is 
the same in roots and leaves. Since hexoses are generally assumed to be 
the translocation form of sugar, the data from stems and roots tend to sup- 
port the condensation hypothesis. 

The effects of N on composition of stems and roots may be interpreted 
on the basis of relative growth. The top/root ratio is low at low N and 
high at high N. The products of photosynthesis tended to be utilized in 
regions of active growth, for example, in stems at high N; and to aceumu- 
late as reserves in regions of limited growth, for example, in roots at high N. 

A highly significant N x K interaction on starch content of the leaves 
was noted. Starch accumulation at low K was greatest at high levels of N. 
Starch also tended to accumulate in the leaves at low N with high K. Ap- 
parently a low level of either element in the presence of a high level of the 
other causes growth to decline more rapidly than photosynthetic activity. 
This experiment can be compared with a field experiment involving bearing 
tung trees deficient in N and K (4). In that experiment the effects of 
nitrogen on carbohydrate accumulation were in general agreement with 
those of this experiment, especially with regard to the inereased sucrose 
content of the leaves with increased N level. 

In the field experiment and in an experiment with tomatoes reported 
by Watt (11), the first stage of K deficiency was associated with high ear- 
bohydrate content. In subsequent growth stages the carbohydrate content 
of the deficient plants decreased to the levels of the K-treated plants. 
This may explain the failure to obtain any relatively high starch content in 
the low-K plants until the end of the experiment. 


Summary 


A study is reported in which three levels of nitrogen and of potassium in 
factorial combinations were obtained in leaves of tung seedlings growing 
in sand culture. The percentages of nitrogen desired in the leaves were 
2.50, 1.75, and 1.25; those obtained at the last harvest date were 2.59, 1.95, 
and 1.38. The percentages of potassium desired in the leaves were 1.20, 
0.30, and 0.40; those obtained were 1.40, 0.93, 0.50. 

When the nitrogen content of the leaves of N, plants fell to about 2.00%, 
a change in color of the foliage was noted, and both rate of apparent photo- 
synthesis and rate of growth declined. When, at a later date, the nitrogen 
content of the leaves of the N, plants approached 2.00%, similar effects were 
observed. In plants, the leaves of which contained only about 1.60 to 
1.40% of nitrogen, photosynthesis was at a very low level, linear growth 
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stopped, many leaves abscised and increase in dry weight was nearly at a 
standstill. 

Deeline of the potassium content of the leaves to about 0.55% failed to 
produce symptoms in the leaves and reduced the rates of apparent photo- 
synthesis and growth to a lesser extent than did the low levels of nitrogen 
reported above. 

Nitrogen deficiency reduced the rate of apparent photosynthesis to 
about the same extent morning and afternoon, but potassium deficiency de- 
pressed photosynthesis to a greater extent in the afternoon. This may 
have been due to a tendency of the low level of potassium to increase the 
rate of respiration during the warmest part of the day. 

Although a low level of potassium was associated with a decrease in 
rate of photosynthesis and of growth, there was a concomitant increase in 
reducing sugars and decrease in nonreducing sugars, particularly marked 
in the roots. This may indicate that potassium plays a role in condensing 
hexose to disaccharide sugars. On the other hand if sucrose is assumed to 
be the primary product of photosynthesis, it would indicate a decrease in 
rate of production of the sucrose with rapid inversion to reducing sugars, 
even though the latter were not rapidly consumed in growth. 

A low level of nitrogen in the leaves tended to be associated with low 
levels of nonreducing sugars and high levels of reducing sugars in the 
leaves, but the effects on stems and roots were less consistent. 

Starch in the leaves appeared to accumulate most rapidly at N,K, and 
at N,K,. Apparently a low level of one of these elements in the presence 
of a high level of the other checked growth more than photosynthesis, with 
the result that starch tended to accumulate. 
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GAINESVILLE, FLORIDA 
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MOISTURE ABSORPTION BY PLANTS FROM 
AN ATMOSPHERE OF HIGH HUMIDITY 


E. L. BREAZEALE, W. T. MCGEORGE AND J. F. BREAZEALE 


(WITH THREE FIGURES) 
Received January 31, 1950 


The physics of water movement in the soil has been the subject of a great 
deal of investigation. The role of the plant in soil moisture and soil mois- 
ture-plant relationships has been studied less intensively. Under arid 
and semi-arid conditions plants are often subjected to tensions extending 
over a wide range of soil moisture percentages, and there is evidence that the 
plants themselves often contribute to their own survival under moisture 
stress by absorption and exudation of moisture. 

BREAZEALE (1), and BREAZEALE and Criper (2) have shown that a plant 
can absorb water and transport it from one zone of low tension to one of 
high tension if a part of its root system is present in both zones. BREAZEALE 
and McGeorge (3) have shown that this phenomenon can be used to de- 
termine the wilting percentage of the soil—that is, the equilibrium occurring 
when the water-retaining forces of the soil equal the water-absorbing forces 
of the plant roots. 

In the semi-arid southwest summer crops exhibit a distinctly different 
growth response to rain, which is accompanied by a high humidity, than 
they do to an irrigation which is accompanied by a low humidity. Winter 
crops which are grown under more favorable atmospheric conditions with 
respect to humidity and temperature show less moisture stress than summer- 
grown crops. It is of interest, in this connection, that along the coast of 
California, where fogs exist, some crops are grown without irrigation 
and with only a few inches of rainfall. 

The observations of BrierLey (4) are of interest in this connection. 
He noted an increase in size of raspberries following a very light shower 
during which only enough rain had fallen to wet the leaves. The soil was 
not wetted. He postulated that the increase in size of berries, following 
such a light shower, might be due to absorption of water by the leaves. 
In order to study this further, he selected leaves from a large number of 
different plants and allowed them to wilt after sealing the stem with paraffin. 
When these wilted leaves were immersed in water they recovered turgidity. 

While it is recognized that a low transpiration rate reduces the moisture 
stress, the question of water intake through the leaves is pertinent. The 
following experiments were conducted to study water intake through leaves 
when the above-ground part of the plant is subjected to fog or highly 
humid atmospheres. 
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EXPERIMENT 1 


Three soil types were selected (light, medium, and heavy) and plante:| 
with young tomato plants in glass jars as shown in figure 1. The moisture 
percentage in the soils was kept at field capacity for one month in order that 
the plants might become well established and develop a large root system. 
At this point the surface of the jar was sealed off with a paraffin-beeswax 
mixture and the plants allowed to continue growing until they had reached 
the wilting point. The plants from two jars of each soil type were removed 
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Fic. 1. Method of growing plants in jars of soil protected by a surface seal of 
paraffin-beeswax mixture. 


and the moisture percentage of the soils determined. These data are given 
in column 2 of table I. At the same time two jars of each soil type, con- 
taining wilted plants, were transferred to a saturated atmosphere. Satura- 
tion was maintained by using a ‘‘fogger’’ of the type used on vegetable dis- 
play tables. Two plants of each soil type were removed from the saturated 
atmosphere at the end of 24 hours and two after 48 hours. The paraffin- 
beeswax seal and plants were removed and moisture percentage determined 
in the soil. These data are given in columns 3 and 4 of table [. 
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The data show a rapid build-up of moisture in the dry soil. This mois- 
ture was absorbed by the leaves, transported to the roots, and exuded inte 
the soil. Assuming that field capacity is approximately twice the wilting 
percentage, the data show that sufficient water was transported through the 
plants from the foliage to build the soil moisture above the field capacity. 


EXPERIMENT 2 


A similar and confirming experiment was conducted in which eight- 
week-old tomato plants were transplanted to percolators filled with soil. 
Sufficient water was added io bring the soil to field capacity and the top 
of the percolator then sealed off with paraffin-beeswax mixture. The outlet 
at the bottom of the percolator was left open. These plant cultures were 
then placed in a fog as in Experiment 1 where they were kept continuously 
for 12 weeks. In this period of time the plants flowered and set a crop of 
tomatoes with no other sources of water than that taken up from the fog. 


TABLE I 


MOISTURE EQUIVALENT OF LIGHT, MEDIUM, AND HEAVY SOILS; WILTING PERCENTAGE FOR 
TOMATO PLANTS; BUILD-UP OF MOISTURE IN THE SOILS THROUGH THE LEAVES 











PER CENT. MOISTURE 











Sor M. E. or PER CENT. MOISTURE IN SOILS 
SOILS AT WILTING —_—_—— - $$ 
24 HOURS 48 HOURS 
Light 12.5 6.5 18.5 20.2 
Medium 22.7 11.9 25.0 27.0 
47.2 


Heavy 36.8 20.0 39.5 





EXPERIMENT 3 


In the next experiment moisture absorption through the leaves was 
studied by a slightly different technic. A series of young tomato plants was 
sealed in dry, empty 250 ml. Erlenmeyer flasks with glass collars fitted on 
the stem above the flask as shown in figure 2. The stem was sealed into the 
cork stopper with paraffin-beeswax mixture. The glass collar was sealed to 
the cork. The joint between the flask, cork, and collar was then securely 
taped with rubber tape, thereby forming a water-tight seal. The collar was 
then filled with air dry soil, a cork was fitted in the top of the collar and 
sealed securely to prevent entrance of moisture. The plants were then 
placed in the atmosphere of fog. 

After two days the soil in the glass collars was moist and the plants had 
exuded a small amount of water into the flask. Two weeks later roots were 
visible in the soil in the glass collar and considerable free water had been 
exuded into the flasks. At the end of one month the experiment was discon- 
tinued and the percentage moisture in the soil from the collar was deter- 
mined and the volume of water in the flasks measured. The data obtained 
from two representative plants are given in table Il. 
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The experiment was repeated with the exception that the Erlenmeyer 
flask was half filled with tap water. The results were the same—the soil in 
the collars became saturated and the water volume increased in the flask. 






tomato plant 


Sl 







soil 


glass collar 
Peraffin - beeswax seal 


a cork 
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empty Erlenmeyer flask 





Fie. 2. Method of growing tomato plants with roots in an empty flask with stem 
collared in soil. 


The experiment was repeated several times using soils of different tex- 
ture in the glass collar. In every case there was a build-up of moisture in the 
collar to field capacity or higher and free water was exuded into the flasks. 
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In order to check the security of the paraffin-beeswax seal an experiment 
was conducted in which the plants were grown in an inverted position. The 
build-up of water in the soil in the collar and of free water in the empty flask 
took place at about the same rate as when the plants were grown in an 
upright position. 


TABLE II 


TRANSPORT OF ABSORBED MOISTURE FROM LEAVES TO SOIL AND TO EMPTY FLASK 











. WILTING 
PLANT NO. = “ mang PER ae - M. E. or Sorn PERCENTAGE* 
% OF SOIL 
1 160 30.1 16.7 9.1 
2 185 35.2 16.7 9.1 





* CALCULATED FROM MOISTURE EQUIVALENT (M. E.) 


At no time during this experiment did the plants show any evidence of 
a nutritional disturbance indicating that they obtained sufficient nutrients 
from the soil in the glass collar. Therefore the plant obtained nutrients 
from the soil even though the soil withdrew water from the plant. The 
analysis of the free water which had exuded into the flasks indicates that 
there was a movement of ions from the roots to the moisture film on the root 
surface. 


EXPERIMENT 4 

In the last experiment 24 tomato plants were grown in the complete 
absence of soil—that is, they were sealed in empty 250 ml Erlenmeyer flasks 
as shown in figure 3. These plants were placed in an atmosphere of fog, as 
for the previous experiments. Four plants were taken down each week 
thereafter and the volume of water that had been exuded through the plant 
into the flasks was measured. These data are given in table IV. 

A second series in this experiment was grown under a canopy of cloth in 


TABLE III 


ANALYSIS OF WATER EXUDED INTO EMPTY FLASK BY TOMATO PLANTS, 
PARTS PER MILLION 





Caleium (Ca) 50 Phosphate (PO,) 28 
P 





Magnesium (Mg) trace Nitrate (N) 27 
Sodium (Na) 11 Ammonia (NH,) none 


Chlorine (Cl) 5 
an atmosphere of 100% relative humidity, but one in which a mist of free 
water did not come in contact with the leaves as in the previous experiments. 
Here again two plants were taken down each week and the volume of aceumu- 
lated water in the flasks was measured. These data are given in the last 
column of table IV. 
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tomato plant 





paraffin - beeswax seal 


| =Ssi«s«é Cork ‘seal 





empty Erlenmeyer flask 





Fie. 3. Method of growing plants in complete absence of soil. 


Summary 


Under natural conditions the root is the principal water-absorbing organ 
of plants. These experiments show that when a plant is placed in a satu- 
rated atmosphere or fog the leaves become a primary water-absorbing organ. 
The experiments presented show that in a saturated atmosphere the pressure 
developed by the absorption of water through the leaves is greater than when 
water is absorbed through the roots. When a dry soil is ‘‘collared’’ around 
the stem of a tomato plant growing in a well watered soil the moisture con- 
tent is built up to the wilting point only (3). In Experiment 3 it is shown 
that when dry soil is ‘‘collared’’ around the stem of a tomato plant absorb- 
ing water through the leaves, from a saturated atmosphere, the build-up of 
water reaches field capacity or higher. 
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It was shown in Experiments 3 and 4 that the water absorbed by the 
plant and exuded by the roots is a considerable quantity. In the exuded 
water nutrient ions pass out of the roots. It is shown that in a dry soil there 
may be a withdrawal of water from the roots and of nutrient ions from the 
soil in an atmosphere of high humidity. 

A tomato plant can absorb water from a saturated atmosphere, transport 
it to the roots, and build up the soil moisture to or above the field capacity. 

The absorption is greater and the rate more rapid from a fog which 
maintains an abundance of free water on the surface of the leaves than from 
an atmosphere of 100% humidity. 


TABLE IV 


TRANSPORT OF WATER THROUGH THE LEAVES TO THE FLASK 


VOL, ACCUMULATED WATER, ML. 





TIME, WEEKS — 
FROM MIST UNDER CANOPY 





1@ 


oo vine 
oor 
ous 
ioe 

tn bo tn 


a ~ 
ao 


125.2 
145.0 
163.0 


actin Oro | 





Tomato plants will grow to maturity, flower, and set fruit with no other 
source of water than that absorbed through the leaves from a fog or an 
atmosphere of 100% humidity. 

The flow of water in tomato plants is reversible under saturated atmos- 
pherie conditions. 
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SOME GROSS CORRELATIONS BETWEEN GROWTH ENLARGE. 
MENT AND THE SOLUTE AND WATER RELATIONS OF 
PLANTS, WITH SPECIAL EMPHASIS ON THE RELA- 
TION OF TURGOR PRESSURE TO DISTENTION 
OF CELLS 


T. C. Baover 
(WITH FOUR FIGURES) 
Received April 28, 1950 


Introduction 


In discussions of the dynamics of the growth process, three main views 
regarding the mechanism of cell enlargement are held. One suggests 
‘that the cell wall must first be subjected to elastic (reversible) or plastic 
(irreversible) stretching as a result of a turgor pressure developed by the 
cell sap’’ (16). It is assumed that this is then followed by addition of 
material substance to the wall through intussusception or apposition, or if 
unaccompanied by the incorporation of new material, by attenuation of 
the wall accompanying increase in area. A second idea suggests ‘‘that 
active growth of the cell wall,’’ as a result of ‘‘the intercalation of addi- 
tional molecules between those already present, . . . is the primary step in 
eell enlargement. Entrance of water into the cell is considered to be a 
result of the increase in the volume of the cell rather than its eause’’ (16). 
A third concept, related in part to each of the former, suggests that the 
initial step is an increased plasticity of the cell wall, followed by a lower- 
ing of the turgor pressure and influx of water, tending to approach a new 
osmotic equilibrium (compare (12)). These views, and experimental re- 
sults in support of each, are presented at length in a recent monograph 
(7). Certain limited experimental data, published earlier (15) for other 
purposes, would appear to afford evidence greatly favoring the first 
hypothesis. It is desired to represent these data, with further informa- 
tion, and attempt to show that, under the conditions studied, the disten- 
tion of roots is primarily the result of turgor pressure developed in the 
internal phases of cells. 


Theoretical aspects of turgor in roots 
The system to be discussed, involves the root systems of plants in re- 
lation to the soil solution under natural conditions. The diseussion is 
based on the simplified, integrated plant osmometer system as treated 
earlier, elsewhere (1). The terminology used, however, is in general that 
most common in the literature (7). 
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The osmotic equation may be expressed as follows: 

DPDD (NDPD)=(OP,+ MP + nMP,)-(OP.+ HP’;+HP”’;+nMP,).2 (1) 
Assuming rapid flux of water across the protoplasmic membrane inter- 
posed between the external and internal solution phases, i.e., assuming ap- 
proach toward osmotic equilibrium, then DPDD = 0. 

Under the conditions of the present experimentation any nMP, is un- 
known per se, but is included, at least in part, in A T; of soil as measured.” 
Further, nMP, probably is insignificant in value in the internal phase, 
since as is assumed here, the internal lumena are probably relatively free 
of colloidal inclusions. In any event, its value is included, at least in 
part, in A Ty of sap as measured. Again, since an extrinsic hydrostatic 
pressure, related to intercellular pressure or tension, or transpiration, is 
ineffective in the integrated osmotic system here (see footnote 1), then 
HP’,;=TP;. Finally, the curves of figure 1, especially assuming linearity 
at their upper OP, limits, do not suggest the participation of a metabolic 
pressure in the water relations of this system. Therefore, MP is zero or 
insignificant. We have for the present discussion then, that 


TP, = (OP,- OP,). (2) 


The total work expended by the system with time, in the process of 
expansion is give: by the expression 


w- f ” Pav, (3) 
Yb 


in which W is the work expended with change in volume dV in going from 
Volume V, to volume V,, and P is the internal pressure (here the turgor 


1 Symbols and their designation for osmotic quantities of the simplified, integrated 
osmotic system: 

DPDD or NDPD = the diffusion pressure deficit difference or net diffusion pressure deficit. 

OP, = the osmotic pressure of the external bathing medium. 

OP, =the osmotic pressure of the internal medium. 

MP =a possible metabolic pressure. 

nMP,=a nonmetabolic pressure in the external phase, for example an imbibitional 
tension (negative then, in value). See (1). 

nMP,=a non-metabolic pressure in the internal phase, for example an imbibitional 
tension (negative then, in value). See (1). 

TP, =the turgor pressure within the internal phase of any osmotie system, equal to a 
resultant internal hydrostatic pressure(HP,), where TP,;=HP,=HP’,+HP’’, (1). 
TP, here, is used in the usual sense (3). 

HP’, =the intrinsic hydrostatic pressure in the internal phase (1). 

HP’’,=an extrinsic hydrostatic pressure in the internal phase, related, for example, 
to an intercellular pressure of tension, or tension or pressure arising through 
transpiration, ete. (1). 

2 Limited information is available (9, pp. 191-192) concerning the influence in 
solutions of the presence of inert materials possessing large specific surface, on freez- 


ing point depressions and concentrations of solute computed therefrom. 
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or hydrostatic pressure). At any time t, the work of expansion is given by 

W-=PAYV, (4) 
and will depend in part on the immediate plasticity or elasticity of the 
limiting surface. 

In the above analysis, it was assumed for simplicity of discussion, that 
approach toward water equilibrium throughout the system was readily 
attainable. It should be recognized however, that often in nature this is 
not the case. On the contrary, frequently the rate of water flux is limited 
by the differential permeability of the protoplasmic membrane (11) or 
other causes. Then, of course, equation 2 is incomplete. The current dis- 


cussion is based upon the proposition that this equation approximately 
holds. 


Experimental technique and observations 


Early methods for measuring the ‘‘concentration’’ of the cell sap of 
plants included the plasmolytic and the eryoscopic methods. It has been 
shown (8) that certain errors, inherent in the plasmolytic method may 
lead to aberrant results in osmotic pressure measurements. Under some 
circumstances, data obtained through the freezing point procedure may 
also lead to false inferences. In the latter case, the error appears to lie in 
the pretreatment of the material (5). If the plant tissue is pretreated by 
freezing at low temperatures followed by expression of the composite sap, 
comparable data at least, may be consistently obtained. 

It has been pointed out earlier (15) that the osmotic pressure of plant 
tissue fluids, both from shoots and roots, varies markedly with the time of 
harvest during the day. This is primarily related to the differential pro- 
duction of organic products of photosynthesis and is modified between 
tissues by translocation. Another factor which is involved is related to 
the differential rate of transpiration from the shoots. 

The data to be discussed herein were, as far as possible, without ob- 
jection from the variables referred to. Corn plants were allowed to grow 
in a silty loam soil in 3-gallon jars. The total soil moisture was main- 
tained throughout the experiment. The concentration of the soil solu- 
tion was varied by the addition of soluble salts. The same amount of 
water was added to each jar, and maintained by means of an inverted 
funnel that extended to six inches from the bottom of the container and 
a glass tube that penetrated a wax seal at the soil surface. The soil solu- 
tion was augmented by the addition of different amounts of a solution 
consisting of a Shive 3-salt mixture viz., calcium nitrate, magnesium sul- 
phate and potassium phosphate. The plants were placed into a dark 
chamber for one day preceding experimental study. This treatment mini- 
mized the effect of organic solutes in the tissues as well as the transpiration 
factor. The roots were carefully separated from the soil mass and washed 
with distilled water. This treatment, though brief in order not to modify 
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significantly the osmotic pressure value of the roots, tended to further 
minimize the transpirational factor therein. These conditions, therefore, 
yielded root material with which equation 2 would probably hold fairly 
closely. The roots were frozen in closed containers, followed by thawing 
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Osmotic Values: OR in atmospheres 


Fig. 1. Relationships between the osmotic pressures of internal and external 
media of roots. 


and expression of composite sap at a pressure of 300 kg. per square centi- 
meter. Freezing point depression measurements were made on this ex- 
pressed sap as well as on the relatively undisturbed soil mass. The data 
obtained are shown in table I. From the observed data, osmotic pressures 
have been caleulated and other values computed as indicated elsewhere. 
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The osmotic pressure relations between root sap and soil solution are 
shown in figure 1. Several conditions may be observed. Curve I repre- 
sents the relative osmotic pressures of the internal and external media of 
the root osmometer system. It may be seen, that over a wide range of 
external osmotic pressure values the internal osmotic pressure exceeds 
that of the bathing medium. A high external osmotic pressure value is 
reached at which it approaches in magnitude the osmotic pressure of the 
expressed sap. Curve II represents, in a general way, the varying accumu- 
lation of solute in the sap relative to the external medium. It may be 
seen that the osmotic pressure ratio decreases with increase of the external 
osmotic pressure, from a very high value, and approaches unity as a lower 
limit. The partial molal free energy expenditure for accumulation is ap- 
proximately proportional to the logarithm of this ratio (see later discus- 
sion relative to data of figure 2). Curve III represents the varying dif- 
ference in osmotic pressure between the two media of the root osmometer 
system with changes in the external osmotic pressure. It may be seen that 
a complicated curvilinear relationship is obtained. Three portions of this 
curve may be distinguished. Where the external osmotic pressure is 
moderate, the osmotic pressure difference between the two media reaches 
a maximum which may extend over some range, relative to the bathing 
solution. Where the external osmotic pressure is low, the osmotie pressure 
difference decreases with decreasing osmotic pressure of the external 
medium. Where the external osmotic pressure is relatively high, the 
osmotic pressure difference again decreases, but with a corresponding 
increase in the osmotic pressure of the external medium. This latter por- 
tion of the curve appears to be nearly linear in shape. (Compare dis- 
eussion of Curve I.) The curve approaches the x axis at an external 
osmotic pressure value corresponding to where the internal osmotic pres- 
sure equals that externally (Curve 1) and where the osmotic pressure ratio 
approaches unity (Curve II). 

In the foregoing presentation of experimental data, the relationship 
between the relative osmotic pressures corresponding to the internal and 
external media has been stressed. Another phase of plant activity must be 
discussed which primarily bears on the internal osmotic pressure level 
attainable under any particular set of circumstances. Assuming that the 
solutes primarily concerned within the root for osmotic purposes are of 
inorganic nature, obviously the overall concentrations of these are impor- 
tant. Under the conditions discussed, internal concentrations are higher 
than external concentrations, throughout. From earlier work (2) it is 
clear that diffusion of solutes is not primarily concerned in the net ac- 
cumulation of inorganic solute required. Although various modes of 
influx are involved, the primary means of influx is related to the net in- 
ward movement associated with metabolic energy expenditures. From the 
internal and external osmotic pressure values, an approximation of the 
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Fig. 2. Relationships between the free energies for inorganic solute accumulation 
in roots and the salt level in the bathing medium. 


corresponding salt concentrations can be calculated and from these, the 
energy expenditure, per mole of salt accumulated, on the part of the plant 
roots. 

Computation of the energy requirement per mole of inorganic solute 
accumulated, at any particular set of relative values of the internal and 
external media, has been made in the following manner (2). The concen- 
trations* of the two solution phases have been calculated from 


OP =i CRT, (5) 


in which i is the van’t Hoff coefficient, C is the solute concentration in 
moles per liter (which may be corrected to molalities from density infor- 
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mation), R is the appropriate gas law constant, and T is the absolute tem- 
perature (here, 25° C is used as the reference temperature). From these 
concentrations (or better, activities—obtained by correction), the partial 
molal free energy requirements can be calculated from 


Af=RT In (6) 


e 


in which, Af is the partial molal free energy required, a; and a, are the 
activities of the solute species in the internal and external phases respec- 
tively, and other factors as before. Obviously these computations are 
approximations, but serve a real purpose in linking the factors involved. 
The computed values are recorded in table I. 


TABLE I 


RELATIONS OF THE OSMOTIC QUANTITIES OF A ROOT OSMOMETER SYSTEM AND THE ENERGIES 
REQUIRED FOR ELECTROLYTE ACCUMULATIONS 
Os- 
Os- MOTIC 
OSMOTIC MOTIC PRES- CONCEN- MOLAL 
PRESSURES  PRES- SURE TRATIONS . RATIOS FREE 
Sor Sap e i SURE DIFFER- e i log i/e ENERGIES 
ATM. ATM. RATIOS ENCES ) ) ! 
AT, AT, { { CAL, 


: i/e i-e 
( C) ( C) ATM. 





FREEZING POINT 
DEPRESSIONS 


(Computed) * 


2.90 29.0 ‘ 0.002 
0.25 3.25 13.0 , 0.005 
0.50 3.75 7.5 , 0.010 
1.00 4.40 4.4 . 0.020 


(Observed ) 

0.101¢t O.381¢ 1.21 4.59 i 3.38 0.025 
0.165 0.455 1.99 2.48 : 3.49 0.047 
0.281 0.549 3.38 6.61 A 3.23 0.069 
0.412 0.624 4.96 7.51 . 2.55 0.102 
0.600 0.680 7.22 8.19 i 0.97 0.147 
(Computed) 8.60 8.60 . 0.00 0.175 





* Values computed from extrapolations of curve I, figure 

+ Data of McCoot and MILuar (15). 

The partial molal energy expenditure requirements are plotted in fig- 
ure 2. The energy quantities are related here to both the varying external 
osmotic pressure as well as the concentration for reference in discussion. 
It may be observed, that at low values of external osmotic pressure or 
concentration a very high energy per mole of salt influx is required, de- 
creasing rapidly with increase of the external values of concentration. At 
high external osmotic pressures or concentrations, little energy expendi- 
ture is required per mole of salt accumulated, approaching zero where the 
relative concentrations of the solutions in the two phases approach each 
other. Energy here may be expended through a salt respiration, but 
thermodynamically little to no energy is required except possibly in main- 
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tenance of the relative solute levels in the dynamic efflux and reinflux 
of salt at an established steady state for specific ion species characteristic- 
ally associated with the plant type. 

The effectiveness of root respiration for solute accumulation has been 
pointed out elsewhere (17). In figure 3, the approximate relationship 
between the rates of accumulation of salt and respiration in cells are 
plotted against the varying concentration of the external medium. Curve 
I shows that the solute accumulation rate increases with increase of the con- 
centration of the external medium approaching a limiting maximum rate 
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Fig. 3. Relationships among the rate of inorganic solute accumulation in roots, 
the efficiency of oxidative metabolism for accumulation, and the salt level in the bath- 
ing medium. Reproduced with modification, from ROBERTSON and WILKINS (16). 


at from 20-40 millimoles per liter of external salt, for storage tissues of 
earrot. The maximum was attained with barley roots at somewhat lower 
levels (10). Curve II, where the solute accumulation per unit respira- 
tion increase is plotted against the concentration of the external medium, 
shows a trend similar in form to that of curve I and nearly congruent. 
The important suggestion which emerges is that the efficiency of the 
respiratory energy supply for accumulation, approaches a maximum level 
at about 20-40 millimoles per liter of external salt supply. This is more 
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evident when plotted as a percentage efficiency (see curve II when ex- 
pressed in terms of per cent. efficiency on the right hand ordinate based 
on the thesis of electron transfer in accumulation of solute through an 
associated oxidation-reduction process (17)). It should be particularly 
observed, that the accumulation efficiency of salt respiration decreases 
rapidly from this maximum as the concentration of the external solution 
decreases. 

One further line of experimental evidence may be referred to at this 
point. From the nature of the turgor pressure curve (curve ILI, fig. 1), 
a relationship would be expected especially between variation in root yield 
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root bathing medium. Reproduced with modification, from MAGISTAD and REITEMEIER 
11). 


and variation in osmotic pressure of the external solution. It has been 
shown earlier, in studies of plant yield under saline conditions, that over 
a fairly wide range of external solute concentrations, there is a linear 
negative correlation between the relative growth of the plant and the salt 
level bathing the roots. This is exemplified by figure 4. Like observations 
have been obtained for diverse types of crops (13, 14), other conditions 
being similar. The only variation from that shown in this graph is that 
**Salt-tolerant crops have a slightly sloping regression line, whereas salt- 
sensitive crops have a steeply sloping one’’ (13). 


The similarity of this 
line (fig. 4 


with that of the osmotic pressure difference between the in- 
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ternal and external media in figure 1, particularly where higher external 
solution concentrations are concerned, should be noted. Compare beet 
yields in figure 2 (14) and discussion thereof on page 155, therein. 


Discussion 


The various lines of experimental data would appear to point toward 
certain gross correlations between growth and the solute and water rela- 
tions of plants. An important sequence of processes seems to be involved 
at any particular time, especially during the grand period of growth. The 
first step seems to be concerned with the presence of an increased respira- 
tion (oxidative metabolism) of roots where bathed by salt media. Inor- 
ganic solute is accumulated in accord with regulatory influences associated 
with the process of salt influx for the particular plant species (4). The 
rate of influx is determined by the differential permeability of the proto- 
plasm to the solute as accumulated, the concentration of the solution (modi- 
fied in part by the quality of the ionic supply) bathing the roots, the 
efficiency of the energy supply, and the energy requirement at any par- 
ticular ratio of inorganic solute concentration (or better activity) between 
the internal and external phases. Governed by the particular inorganic 
solute difference between the two media at any time t, water moves into 
(or out of) the system by osmosis. The rate and extent are primarily con- 
cerned with this difference. Where and when extrinsic factors (transpira- 
tion, imbibition by soil, ete.) are not dominant in their influence, this solute 
concentration difference in large measure determines the turgor pressure 
in the internal phase. Turgor distention of cells on water entry leads to 
over-all enlargement of the organ with further surface exposure to the 
bathing medium. Attended by favorable cell division and differentiation, 
the growth of roots, and possibly less directly of shoots, is thus determined. 
“‘In other words, enlargement of plant tissues—growth—is a direct func- 
tion of turgescence which in turn is partially conditioned upon the force 
with which water is withheld from the plant. It has been observed. . . 
that there is a fairly close relationship between vegetative growth and the 
average moisture stress, if other factors affecting growth are not limiting 
and are kept as uniform as possible’’ (18). 

Although several factors enter into the sequence of growth, it would 
appear that turgor pressure holds a key position therein. (Compare 
especially curve III, figure 1 with figures 2, 3 and 4). Thus, where turgor 
pressure (see equation 2) approaches zero, distention of roots should not 
continue. At low turgor pressures, growth is restricted. Thus, on the 
one hand the distention may be limited at too low an external solute con- 
centration where permeability and effective energy supply are adverse. 
Again, the enlargement may be restricted at too high an external solute con- 
centration due to a limited attainable osmotic pressure difference, even 
though the efficiency of the energy supply for solute accumulation may be 
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more favorable. There appears to be an optimum, intermediate range of 
external solute concentrations where all factors operate in mutual accord 
toward a maximal turgor pressure within cells, and maximal growth. 

One of the most intensive and extensive studies on growth has been 
earried forward with sugar cane in Hawaii. Here, plant enlargement has 
been particularly related to the water regime applied to the crop (6). It 
would seem that here as well, the prime factor concerned is the turgor 
pressure maintenance during development. 

Although the discussion herein has revolved around the root and its 
environment, this relationship of turgor to growth enlargement is prob- 
ably extendable to include the shoot and fruiting bodies (compare earlier 
quotations from (18)). Here however, other factors may be of more 
importance relative to turgor pressure, or circumstances may be such that 
less favorable correlations may be observed with other organs. However, 
the growth data obtained under various conditions of salinity around 
roots suggest that the enlargement of the plant as a whole is related to 
turgor pressure in a large degree. 

It should be recognized, that there may be times in the production of 
crops when maximum enlargement growth is not desirable for one reason 
or another (cf. (6)). This for example might be the case during the late 
fall with winter cereals or in later stages of the development of crops 
where maturation of the fruiting bodies or storage organs requires rela- 
tively less enlargement in favor of the storing up of compounds of com- 
mercial and/or nutritional value. 

One should not infer that other factors than turgor pressure do not 
optimum concentration (in the external medium, for best growth) should 
directly or indirectly come into play to modify growth enlargement. Limi- 
tation in the supply of any growth factor will certainly, and often criti- 
eally, restrict the development of plants in accordance with Mitscherlich’s 
law. Certain compounds supplied from without or produced within plants 
may prove noxious to growth. On the other hand, growth hormone studies 
indicate that compounds may be formed within plants which at favorable 
concentrations may allow more optimal growth enlargement. Also, it has 
been shown that water deficits may modify other process rates, ¢.g., photo- 
synthesis and respiration (11). 

The main thesis of this discussion is clear: ‘‘It would appear that the 
furnish an ample supply (rather, should afford conditions for maximum 
relative accumulation) of nutrients, yet have such a low osmotic value 
that water absorption is not markedly reduced.”’ (other conditions being 
favorable). The particular values in any of the curves, their shapes ete., 
are probably subject to variation depending upon the species of plant 
and environmental conditions. Experimentation now in progress should 
yield important information on variations from the general trends herein 


Parentheses here are author’s inserts in quotation from (14) page 163. 
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described. It may be suggested, that it can be envisioned that as physiolo- 
gists now diagnose deficiency incipience for inorganic elements by foliar 
analysis, so a progressive analysis of the freezing point depressions of soils 
and the root saps of crops could yield information in large scale plantings 
which could afford important information on the future regime of water- 
solute supply for optimal crop production.‘ 


Conclusions 


An analysis of the sequence of factors concerned in the growth en- 
largement of cells is presented. It is inferred from the data presented, 
that turgor pressure or attendant conditions within cells is the primary 
factor concerned with their distention or growth enlargement in associa- 
tion with the laying down of new cells through division and differentiation. 
Even the latter may be modified by the former. In that a maximal turgor 
pressure is desirable under most circumstances, the inorganic solute ratios 
and total concentrations in the external medium relative to that in the 
plant are an immediate concern of the physiologist. It is suggested that 
progressive information on the turgor pressure within roots as a crop is 
developing, may be of diagnostic value to the agriculturalist in order to 
obtain maximum yield of crops. 


DIVISION OF PLANT NUTRITION 
UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 


LITERATURE CITED 


1. Broyer, T. C. The movement of materials into plants. Part I. Os- 
mosis and the movement of water into plants. Bot. Rey. 13: 
1-58. 1947. 

2. Broyer, T. C. The movement of materials into plants. Part II. 
The nature of solute movement into plants. Bot. Rey. 13: 125- 
167. 1947. 

3. Broyer, T. C. On the theoretical interpretation of turgor pressure. 
Plant Physiol. 25: 135-139. 1950. 

4. Broyer, T. C. The nature of the process of inorganic solute accumu- 
lation in roots. In Symposium on Minera! Nutrition of Plants. 
University of Wisconsin Press. Madison, Wisconsin 1950. 

Broyer, T. C. and Hoacuanp, D. R. Methods of sap expression from 
plant tissues with special reference to studies on salt accumula- 
tion by excised barley roots. Amer. Jour. Bot. 27: 501-511. 
1940. 

6. Ciements, H. F. Environmental influences on the growth and min- 
eral nutrition requirements of sugar cane. In Monograph on 
Mineral Nutrition of Plants. Univ. of Wisconsin Press. Madison, 
Wisconsin 1950. 


or 


‘Similar information may be possible by measurements with soil tensiometers 
after correlation of tensiometric data with information of the present sort. 


iLO 


Pe Tete y 


~EeES 


OL RSE Sy ee 














432 


7. 


10. 


11. 


13. 


14. 











PLANT PHYSIOLOGY 


Crarts, A. S., Currier, H. B. and Srockxine, C. R. Water in the 
Physiology of Plants. Chronica Botanica Co., Waltham, Massa- 
chusetts 1949. 

Currier, H. B. Water relations of root cells of Beta vulgaris. Amer. 
Jour. Bot. 31: 378-387. 1944. 

GorTNER, R. A. Outlines of Biochemistry. J. Wiley and Sons, Ine. 
New York. 1938. 

HoaGuandD, D. R. Salt accumulation by plant cells, with special refer- 
ence to metabolism and experiments on barley roots. Cold Spring 
Harbor Symposia on Quant. Biol. 8: 181-194. 1940. 

Kramer, P. J. Plant and Soil Water Relationships. McGraw-Hill 
Book Co. New York 1949. 

Levitt, J. The role of active water absorption in auxin-induced water 
uptake by aerated potato dises. Plant Physiol. 23: 505-515. 
1948. 

Macisitap, O. C. and Reiremerer, R. F. Soil solution concentrations 
at the wilting point and their correlation with plant growth. Soil 
Sei. 55: 351-360. 1943. 

Macistap, O. C., Ayers, A. D., Wapieicn, C. H., and Gaucn, H. G. 
Effect of salt concentration, kind of salt, and climate on growth 
in sand cultures. Plant Physiol. 18: 151-166. 1943. 


5. McCoou, M. M. and Miuuar, C. E. The water content of the soil and 


the composition and concentration of the soil solution as indicated 
by the freezing point lowerings of the roots and tops of plants. 
Soil Sei. 3: 113-138. 1917. 

Meyer, B. S. and ANpERsoNn, D. B. Plant Physiology. D. Van Nos- 
trand Co. New York 1939. 


Rosertson, R. N. and Witxrns, M. J. Studies in the metabolism of 
plant cells. Australian J. Sci. Res. Series B. 1: 17-37. 1948. 

. Wapb eien, C. H. and Gaucn, H. G. Rate of leaf elongation as af- 

fected by the intensity of the total soil moisture stress. Plant 

Physiol. 23: 485-495. 1948. 








1¢ 


i 


IS THE AMERICAN ELM (ULMUS AMERICANA) 
INJURED BY NATURAL GAS*' 


Fetrx G. GustaFson 


(WITH ONE FIGURE) 
Received October 6, 1949 


Several years ago the writer (1) reported some investigations on the 
influence of natural gas on flowering plants. This report stated that 12 
species of plants exposed to 1% natural gas in air from one to three weeks 
suffered no injury. Bougainvillea and Swainsonia were injured by a 2% 
concentration over a period of 14 days. Five species of seeds germinated 
as well in 1.5 to 5% natural gas in air as they did in an air stream. 

As a result of the findings that most flowering plants and seedlings were 
not injured by low concentrations of natural gas, it became desirable to set 
up experiments with trees. Popular reports that trees are injured by es- 
caping manufactured gas are quite common. Does the natural gas per- 
eclating through the soil from broken mains do the same? 


Methods and results 

A preliminary experiment with Chinese elms was run during the sum- 
mer of 1943. Three lots of two similar trees of about four to five feet tall 
were cut back to about 30 inches and planted in porous soil in wooden tubs 
13 by 15 inches. 

Figure 1 illustrates the arrangement of the gas-air distributing pipe 
and the drainage system as arranged in the tubs. Before planting the 
trees, enough coarse gravel was placed in the bottom of the tubs to just 
cover the pipe B and the opening A was plugged with a cork, which re- 
mained in place, except at times of watering when it was removed to allow 
excess water to drain off. The initial gas concentration as it entered the 
tubs was 1.5% and attempts were made to maintain this concentration dur- 
ing the summer, but there was some variation. The gas concentration in 
the soil was measured now and then during the summer and it was never 
found to be over 0.5%. One tree from each pair had the gas-air mixture 
pass through the soil in which it grew and the other tree of each pair had 
air passing through the soil. The tubs with the trees were stationed on the 
southwest side of a small greenhouse on the campus, where direct sunlight 
reached them during part of the morning and all afternoon. In the fall 
the tree tops and roots were examined for injury. As far as could be de- 
tected the gas had not injured the trees in any manner. 

In October 1943 six American elm trees, between five and six feet tall, 
were selected as three pairs, which were carefully matched. All trees were 


1 Paper from the Department of Botany of the University of Michigan, No. 896, 
in cooperation with the Michigan Consolidated Gas Company, Detroit, Michigan. 
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pruned to about five feet and planted in a rich porous soil in the above used 
tubs. The experimental trees were numbered 11, 13 and 15, and the con- 
trols 12,14 and 16. The tubs and trees were lowered in a cold frame, at the 
Botanic Garden, where they were stored each successive winter. Later in 
the fall, leaves were packed between the tubs, but no leaves were put on top 
of the soil. 

Season or 1944.—The trees wintered very well and were brought to the 
campus early in May and put in the same place the Chinese elms had oc- 



































IF “F 
A - Opening for drainage 


B- Pertorated metal pipe enclosing 








C- Smaller perforated Taube carrying 
air -gas raxfure. 


Fic. 1. A longitudinal section of the tub in which the trees were grown, showing 
the arrangements of the gas-air and air inlet pipe. 


eupied the previous season. On June 1 the leaves and branches were well 
developed and had nearly reached their full growth. Tubs 11, 13 and 15 
were connected to the gas-air mixture line and the controls 12, 14 and 16 
to the air line. The gas concentration was set at 3.0% and an attempt was 
made to keep it at that during the summer but frequently it became higher, 
though never lower. Frequent tests of the soil gave gas concentrations 
ranging from zero to 1.6%. 
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On November 6, the root systems were examined by removing the trees 
from their tubs, but this was a little difficult as the soil was partly frozen. 
The pair, 11 and 12, had many large roots, but control tree, 12, had more 
small roots; the root systems of 13 and 14 were essentially the same; the 
pair, 15 and 16, had an abundance of roots, but as in 12, the control 16 had 
more fine roots. The soil in tubs 11 and 15 was frozen more than in the 
other tubs and in removing the roots from the soil, more of the fine roots 
may have broken off. There was some indication of this in the frozen 
chunks of soil. None of the roots showed any sign of injury. The trees 
were replanted in fresh porous soil and wintered as during the preceding 
season. 

SEASON OF 1945.—On June 9, the trees seemed to have reached their 
full growth and the tubs were connected to their respective gas-air or air 
lines. The concentration of gas was fixed at 3.5%. This season the gas 
concentration fluctuated considerably, sometimes decreasing and other 
times increasing over 3.5%. The concentration was, however, daily ad- 
justed to 3.5%. The gas concentration in the soil was frequently deter- 
mined. This also fluctuated a great deal. The concentration ranged from 
zero to 2.7%, but most of the measurements showed a gas concentration 
around 1%. 

Two weeks after the experiment was started for the season, the heights 
of the trees were measured. These measurements were: tree 11, 70 in.; 
12, 73 in. ; 13, 66 in. ; 14, 65 in.; 15, 68 in.; and 16, 65 in. The odd numbers 
denote the experimental trees. 

In order to avoid freezing of the soil as happened the previous year, 
the trees were removed from the soil on September 27. The roots of the 
trees growing in soil receiving the gas-air mixture were darker and there 
were fewer fine roots than on trees growing in soil receiving only air. 
Later, microscopic examination of the fine roots brought out the fact that 
the dark roots were injured and the bark separated readily from the wood, 
whereas in the lighter brown roots, the bark could not be separated from 
the wood. The dark rootlets were probably dead. 

Later in the fall, the total growth in length for the season was deter- 
mined by measuring the individual twigs. This growth had been made 
from buds formed during the preceding summer when the roots of the 
plants were exposed to gas. Table I gives the results. It will be noticed 
that the total growth as well as the average per branch was higher for the 
gas in air-treated plants than for the controls. In the former, the average 
growth per branch was 12.7 cm and in the latter 9.3 em. per branch. 

SEASON or 1946.—In the fall of 1945 it had been decided to discontinue 
the experiment and the trees were planted in the field. However, the un- 
satisfactory condition of the roots, which was disclosed by later microscopic 
examination, made it desirable to continue the experiment. Early in April, 
before the buds had opened, the trees were dug up and planted in larger 
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tubs (20 in. deep and 21 in. in diameter). The buds opened normally and 
by June 26, when gas-air mixture and air was connected to the tubs, the 
trees were all in good condition and were none the worse for having been 
dug up an extra time. The gas concentration was set for 3.5% but as in 
previous summers there was considerable fluctuation. The gas concentra- 
tion in the soil was checked nearly daily and for the greater part of the 
summer it was above 1%, but the range was from zero to 2.9%. 

In October the trees were removed from the tubs and the soil carefully 
washed from the roots. As in the fall of 1945, the roots of the experimental 
trees were in parts quite dark, but many regions were light brown with 
numerous fibrous roots. The control trees also had some dark areas on the 
root system, but they were less extensive than on the experimental trees. 
The root systems of the experimental trees were somewhat less dense than 
those of the control trees. Before replanting, the roots were severely 
pruned on all trees. 


TABLE I 


TOTAL GROWTH IN LENGTH MADE DURING THE GROWING YEAR OF 1945 














NATURAL GAS IN AIR AIR 
TOTAL J TOTAL . 
. AVE. PER NO.OF AVE. PER NO. OF 
TREE GROWTH SEE TREE GROWTH 
N NCHES ANCH ANCHES 

oy Che. BRANCH BRANCHES a cae. BE. BE. 
1l 585.3 10.8 54 12 543. 8.7 62 
13 781.2 14.7 53 14 665.9 12.3 54 
15 732.2 12.7 58 16 620.4 7.7 80 





SEAson Or 1947.—This season the gas concentration varied from 3.0 to 
4.0%. During the early part of the season the gas distribution in the soil 
was quite uniform as indicated by the bubbling, when the tubs were flooded 
with water, but toward the end, most of the bubbling was near the periph- 
ery of the containers, but this was probably not a disturbing factor as most 

- of the roots were also located in this region. The gas concentration in the 
soil ranged from zero to 3.3%. 

Observations of the root systems in the fall of 1945 and 1946 had shown 
that the experimental plants had somewhat fewer fibrous roots and also 
a larger number of roots were dark in color, indicating injury, than on 
the control trees. Under the conditions of the experiment this had not 
affected the top growth, but what would happen if the plants were grown 
under drought conditions? Could the roots absorb enough water to main- 
tain the turgidity of the leaves? To obtain an answer to this question. the 
soils were saturated with water on September 9 and the tubs covered with 
cones of tar paper to prevent addition of water by rain or excessive evapo- 
ration. The condition of the leaves was observed at intervals and the soil 
moisture determined in the several tubs. The results were inconclusive 
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One reason may have been that the leaves were too mature to show easily 
recognizable symptoms of wilting. Yellowing and defoliation was also ob- 
served and attempts made to correlate this with the treatment of the trees 
and soil moisture, but to no avail. 

At the time the soils were covered with tar paper cones the diameters 
of the trees were measured a foot above the soil. Table II gives these data. 

The greater diameter of the control trees is the first indication found 
that the somewhat poorer root system of the experimental plants may cause 
a decreased growth of the tops. This is, however, not very strong evidence, 
as the original diameters were not known, and the 1948 measurement shows 
that the experimental trees grew more in diameter than the control trees. 

When the roots were examined in the fall, after careful removal of the 
soil with a stream of water, it was found that they were all very good. The 


TABLE II 


DIAMETER OF THE TREES ONE FOOT ABOVE THE GROUND AS MEASURED 
SEPTEMBER 9, 1947, AND SEPTEMBER 10, 1948 





TREES RECEIVING GAs TREES RECEIVING AIR 





DIAM. DIAM. % INn- DIAM. DIAM, % IN 


TREE IN CM. IN OM. CREASE TREE IN OM. IN OM. CREASE 
1947 1948 IN 1948 1947 1948 IN 1948 
ll 2.00 2.26 13.0 12 2.40 2.56 6.7 
13 1.83 2.30 25.5 14 2.15 2.50 16.3 
15 2.03 2.18 7 


4 16 2.38 2.46 3.4 
Average increase in 1948 
15.3% 8.8% 





dark areas were fewer than they were the preceding fall. For the purpose 
of photographing the different root systems, they were held up against a 
light background and this brought out the fact that the experimental trees 
had thinner root systems than their controls. 

SEASON OF 1948.—This season the gas treatment began June 4 and 
ended October 5. The gas concentration varied as usual somewhat, but at- 
tempts were made to maintain it between 3.0 and 4.0% ; adjustments were 
made daily. Throughout the summer, the gas distribution in the soil was 
not very uniform. Tubs 11 and 15 gave concentrations less than 1%, yet 
tests showed that there were no leaks in the tubs and that the inlet concen- 
tration was the same as that passed into tub 13, where concentration was 
usually around 2.0%. 

On August 16 the soil was thoroughly saturated in all the tubs and the 
tubs covered with tar paper cones as in the preceding summer. No ob- 
servations were made until September 1, when the following notes were 
taken ; 

Tree 11—All leaves on, but dried. 
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Tree 12—Leaves green and expanded. 

Tree 13—Leaves green, but edges rolled a little. 

Tree 14—Some leaves dried; others still green. 

Tree 15—Leaves green and expanded, but not quite so good as in 12. 

Tree 16—Leaves green and not rolled, about as in 15. 

September 25 supplied a further observation on leaf condition: 

Tree 11—Leaves completely dried. 

Tree 12—About 50% still green and some expanded. 

Tree 13—Green leaves fewer than on 12. 

Tree 14—Most of the leaves have dropped, but a few (less than on 13) 
are green. 

Tree 15—Only apical leaves are green (about as on 14). 

Tree 16—About the same as 14 and 15. 

The above data shows that the roots of the gas-treated trees were able 
to supply the tops with sufficient water even though the soil moisture con- 
tent was not very high. 

The diameters were remeasured in September. The data is recorded 
in table IT alongside of the 1947 data. Every experimental tree grew more 
in diameter than its control and the average for the three experimental 
trees is 13.3 as compared with 8.8% for the control trees. The diameters 
of the experimental trees are still less than that of the control trees, but 
they seem to have gained during this season. 

The final examination of the root systems was made on October 5. The 
root system of plant 11 was quite good and only slightly poorer than that 
of 12; many of the roots of tree 13 were dark and as a whole the roots were 
superficial, while the roots of tree 14 were brown, and uniformly distributed 
through the soil; tree 15 had many dark roots, whereas 16 had only a few 
dark ones. 

Discussion 


When the experiment was set up in 1943, it was realized that as the 
soil froze, it would be impossible to pass gas through it, so no attempt was 
made to conduct the experiment during the winter. Then the decision had 
to be made as to how early in the spring the gas should be introduced, and 
it was finally decided to wait until the leaves had unfolded and nearly 
reached their full growth; this stage would be easy to determine each sea- 
son. There was no reason to expect that the gas treatment of the roots 
would influence the unfolding of the leaves, as that process depends on the 
water absorbed by the roots and in the spring the soil is always well sup- 
plied with water. 

KRAMER (2) has shown that even dead roots absorb water if the plant 
is transpiring, i.e., if there is an upward movement of water in the stem, 
producing a diffusion pressure deficit in the roots. The problem was then 
thought of as an exposure of the root system to the gas during the real 
growing period of the year, when there was synthesis of foods and the 
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formation of cells in the cambium, roots and buds; and during a period 
when the water is not always so abundant in the soil as it is in the spring. 

The distribution of the gas in the soil was not uniform, which would 
have been impossible, but much of the time bubbles of gas were seen to rise 
in all parts of the surface when the tubs were flooded, showing at least, 
that there were channels for air escape distributed in all parts of the soil. 
However, toward the end of each season these channels became fewer and 
sometimes the air or gas escaped only near the periphery of the container. 
All of this probably accounts for the spotty appearance of the root system, 
where only part of the root system was black, and another light brown. 
It is very likely that parts of the soil received the full concentration of the 
gas as it was introduced, whereas other parts received a much lower con- 
centration. 

The earlier experiments of the author showed that such low concentra- 
tion of gas, as might escape from the soil in which the trees grew, into the 
atmosphere would have no effect on the above ground part; and the effect 
on that part would be only indirect. If the gas injured the roots they 
might absorb less water and minerals than uninjured roots. 

There has been an injurious effect of the gas on the roots. The root sys- 
tems that grew in soil receiving gas-air mixture were in some instances 
smaller than those receiving air, and sometimes there were more dead roots 
in the former than in the latter, though it should be noted that roots which 
grew in soil receiving only air also had areas of dead roots. 

Then if there is some injury sustained by the roots receiving natural gas 
treatment does this injure the stem and leaves? Attempts have been made 
to answer this question. The total growth in length made from buds pro- 
duced during the preceding season when the roots were gassed was greater 
than that made by the control trees (table I). The growth in diameter was 
also greater in the treated trees than in the controls (table II). Therefore, 
the injury to the roots has not decreased the growth of the tops. 

One thing that was uppermost in mind, as some injury to the roots was 
observed, was what effect would this have on the absorption from a dry soil, 
as that which trees naturally encounter late in the summer. During the 
season of 1947 and 1948 the soils were permitted to dry and observations 
were made on the leaf color and leaf retention by the different trees. Again 
there was no indication that the experimental trees were unable to absorb 
all the water necessary to retain their leaves. 


Summary 


One might then summarize the information gained from the experiments 
by pointing out: 

1. that concentrations of natural illuminating gas in air of from 2.5 to 
4.0% cause some injury to roots as well as a decreased development of roots 
of the American elm; 
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2. but that this injury to the roots does not seem to influence the growth 
of the stem. 


DEPARTMENT OF BOTANY 
UNIVERSITY OF MICHIGAN 
Ann ARBOR, MICHIGAN 


LITERATURE CITED 


1. Gustarson, F.G. Is natural gas injurious to flowering plants? Plant 
Physiol. 19: 551-558. 1944. 

2. Kramer, P. J. The intake of water through dead root systems and its 
relation to the problem of absorption by transpiring plants. 
Amer. Jour. Bot. 20: 481-492. 1933. 

















THE EFFECT OF IRRIGATION, NITROGEN LEVEL AND SEASON 
ON THE COMPOSITION OF CABBAGE 


Byron E. JANES! 


Received February 13, 1950 


Introduction 


The use of irrigation in the production of vegetables in the eastern part 
of the United States has shown a very rapid increase in the past 4 or 5 
years. Irrigation not only increases the total yield, but also in many cases, 
the quality of the crop produced is improved as well. Physiologists are 
interested in learning if such differences in quality are largely of a physical 
nature or if there are also some chemical differences between poor and good 
quality vegetables. 

The author in a previous publication (5) presented data on the com- 
position of beans grown with several rates of irrigation. The main dif- 
ference was one of moisture content—beans growing without irrigation 
having a higher per cent. dry weight than those which were irrigated. On 
a dry weight basis, there were small differences in carbohydrate, organic 
nitrogen and potassium content. It is characteristic of fruits to be rather 
uniform in composition regardless of the conditions under which they are 
grown. It was felt that a crop which consists largely of leaf tissue would 
show more marked variations in composition associated with a difference in 
growth than do fruits. This study was made to determine the effect that 
(1) soil moisture (as influenced by irrigation), (2) nitrogen level and (3) 
season had on the composition of cabbage and also if there was any relation 
between quality and chemical nature of the crop. Quality is used here to 
mean appearance, succulence and similar factors which made for high con- 
sumer acceptance. 


Materials and methods 
CULTURAL PRACTICES 


Cabbage of the variety Glory of Enkhuizen, was grown on the experi- 
mental plots of the Florida Agricultural Experiment Station at Gainesville, 
Florida, with four levels of water supply (three rates of irrigation and no 
irrigation), two levels of nitrogen fertilization and in two different seasons. 
The plantings were made in a Latin square, the main plot (irrigation) split 
two ways, first by time of planting and then by amount of nitrogen. The 
irrigation treatments were applied by overhead sprinklers which covered 
an area with a radius of 30 feet. The plots were 40 feet square. Cabbage 
plants were planted one foot apart in rows three feet apart. Each planting 
consisted of three rows with a guard row between. Three plantings were 


1 Formerly Associate Horticulturist at the Florida Agricultural Experiment Station. 
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made, (1) October 20, 1947, (2) December 3, 1947 and (3) February 6, 
1948. The December 3 planting was severely damaged by frost and no 
analysis was made of this crop. A ton per acre of a commercial fertilizer 
supplying 4% N., 7% P.O; and 5% K.O was applied in bands at the time of 
planting. Each planting was divided into two 20-foot subplots one of which 
received additional nitrogen in the form of NaNO, as a side dressing. 

The first planting of cabbage was started in the relatively warm weather 
of October and harvested in the cool weather of December and January. 
This resulted in the cabbage maturing over a long period of time. The 
third planting was made in the cool weather of February and harvested in 
warm weather of April, resulting in uniform maturity. The cabbage har- 
vested in April made excellent growth and was by far the best cabbage from 
a commercial viewpoint. 

The three irrigation treatments were frequent, medium, and occasional. 
The fourth treatment was no irrigation. The original plan was to determine 
the time of irrigation by measuring the amount of evaporation from an 
open pan—frequent irrigation, a half inch of water applied after one 
quarter inch of evaporation, medium irrigation, a half inch of water ap- 
plied after each half inch of evaporation and occasional irrigation, half an 
inch of water applied after one inch of evaporation. A rainfall of half an 
inch or more was considered as one irrigation and the amount of evapora- 
tion to determine next irrigation was measured from the end of the rain. 
This procedure for determining the time to apply irrigation was very satis- 
factory in the cool weather of the winter months when evaporation was 
rather slow ; however, in the spring when the rate of evaporation increased, 
these intervals between irrigation became too short. The following schedule 
for irrigating the several plots was adopted. 

A half inch of water was applied to the frequent plots every second day, 
to the medium plots every fourth day and to the occasional plots every 
eighth day. A half inch or more of rain was considered as one irrigation 
and the time of next application dated from the day of rain. Table I gives 
the rainfall and amount of irrigation applied. 

The amount of soil moisture was determined on three different dates 
(table IL) by the method of Stour and Hoxtsen (9). The amount of ni- 
trate nitrogen in the soil was determined before and after applying one of 
the side dressings of nitrogen (table III) (soil nitrogen analyses were made 
by G. M. Volk, Soils Department, Florida Agricultural Experiment Sta- 
tion, Gainesville, Florida). 


ANALYTICAL METHODS 


The cabbage was harvested when the heads were firm. <A record was 
kept of the total number and weight produced on each plot. A sample con- 
sisting of ten heads from each plot was taken to the laboratory and sub- 
samples obtained for the several analytical procedures. The cabbage heads 
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TABLE I 


ToTAL AMOUNT OF WATER, RAINFALL PLUS IRRIGATION, FOR THE VARIOUS IRRIGATION 
TREATMENTS OF CABBAGE (IN INCHES) 














RAINFALL OCCASIONAL MEDIUM FREQUENT 
ne 7 IRRIGATION IRRIGATION IRRIGATION 
AND AND AND 
RRIGATIO? 
uaa RAINFALL RAINFALL RAINFALL 
First planting 
October 20—January 10 .............. 7.59 8.09 9.09 15.09 
Third planting 


February 9—April 29 0... 13.00 14.50 18.00 23.00 





were washed in tap water, the excess water removed by shaking and then 
wiping with cheesecloth. A quarter of each head was chopped into pieces 
one-fourth to one-half inch square, thoroughly mixed and samples for the 
various analyses to be made taken from the composited material. Dry 
weight was determined by drying two 100 gram samples in forced draft at 
70° C. Separate 25 gram samples were used for ascorbic acid and carbo- 
hydrate determinations. Three hours or less elapsed from the time the 
cabbage was harvested until the sampling of the fresh material was com- 
pleted. Ascorbic acid was determined by a modification of the Morell 
method (6). The sample for carbohydrate analysis was preserved by heat- 
ing in boiling 80% alcohol for 45 minutes. The preserved material was 
ground to a very fine suspension in a Waring Blendor and made to definite 
volume with 80% ethyl alcohol. An aliquot of the suspension was centri- 
fuged and the clear liquid used for determination of reducing sugars. The 


TABLE II 


SOIL MOISTURE PERCENTAGE OF THE INDIVIDUAL PLOTS ON THREE DIFFERENT DATES 








IRRIGATION ‘i 























PLOT NO. nites 10-24-47 12-2-47 4-28-48 
1A 11.4 11.0 10.4 
3B 10.9 7.9 8.8 
2C Frequent 11.7 8.4 8.4 
4D 10.3 7.2 8.8 
4A " 6.8 6.8 
2B P 6.6 8.0 
3C Medium a 5.4 7.2 
1D : 5.7 7.2 
3A i 5.9 3.8 
4B o 6.1 3.8 
1C Occasional - 5.8 4.0 
2D ! 4.4 4.2 
2A 7.3 3.6 
1B 6.2 5.2 
4C None 5.2 3.8 
3D 5.2 3.0 
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residue was hydrolyzed with 10% HCl at 15 pounds pressure for one hour 
and the reducing power of the neutralized solution determined. The dry 
weight of the acid insoluble residue was determined. The reducing power 
of the various solutions was determined by the Shafer-Somogyi method as 
modified by Hetnze and MurNeeEK (4). The material dried for moisture 
determination was ground to pass a 40-mesh screen and used for nitrogen 
and mineral analysis. The micro-Kjeldahl method was used for organic 
nitrogen. A sample of the dried material was ashed at 450° C in a stream 


TABLE Ill 


THE EFFECT OF LOCATION IN THE FIELD, SIDE DRESSING WITH NaNO, AND IRRIGATION ON 
THE AMOUNT OF NITRATE IN THE SOIL. SAMPLES TAKEN FROM OCTOBER PLANTING 
































P.P.M. OF NITRATE P.P.M. OF NITRATE 
ON 12-19-47 ON 12-22-47 
inate eee : = 
" SIDE NOT SIDE APTER SECOND SIDE DRESSING 
DRESSING DRESSED AND FREQUENT IRRIGATION* 
1A Frequent 1.0 1.0 46.0 
3B 1.3 1.2 26.0 
2C 1.0 1.0 13.0 
4D 1.0 1.0 46.0 
Average Frequent 1.0 1.0 32.8 
4A Medium 1.0 1.0 82.8 
2B 38 1.2 105.0 
3C 1.0 1.0 57.5 
1D 1.0 1.0 33.1 
Average Medium 1.0 1.0 69.6 
3A Occasional 8.3 1.0 
4B 6.0 2.0 
1c 2.3 1.0 
2D 1.0 1.0 
Average Oceasional 4.4 1.2 
2A None 8.8 1.0 
1B 2.5 1.3 
4C 1.0 1.0 
3D 1.0 1.0 
Average None 3.3 1.0 





* The seeond side dressing was applied to all plots and water applied only to the 
frequent plots on 12-20-47. A half inch of rain fell on 12-21-47. 
of oxygen, the ash dissolved in 10% HCl and the amount of calcium, mag- 
nesium, potassium, sodium, sulphate, and phosphate in the solution deter- 
mined. 

Calcium was precipitated as the oxalate and titrated with standardized 
KMn0O, solution. Magnesium was precipitated as magnesium ammonium 
phosphate and titrated with standard acid. Potassium was determined by 
precipitating as cobaltinitrite and then titrating with ceric sulphate as de- 
scribed by Brown (2). Sodium was precipitated by the method of BarBer 
and KoitHorr (1) using uranyl-zine acetate. Phosphate was determined 





rr 


at on er 











JANES: COMPOSITION OF CABBAGE 445 


colorimetrically by the molybdate blue method of Truog and Meyer (10). 
Sulphate was determined by the barium chromate method of Foster (3). 
Separate samples of the dried material were used for iron and man- 
ganese determination. Iron was determined by ortho-phenanthroline 
method of Sawell and Cunningham as modified by SHrrTrs and Warp (7). 
Manganese was determined according to procedure described by Somers 
and Suive (8). The amount of iron contamination arising from grinding 


in the Wiley mill was found to be negligible when proper methods were | 


used in cleaning the mill before use. 


Results 


The rainfall (table I) during the growth of the first planting was less 
than that during the growth of the third planting. However, due to the 
fact that it was cool and the rainfall was evenly spaced during much of the 
first period little additional irrigation was required. Most of the rain for 
the third planting came early in the season so that during the time of rapid 
growth there was an extended dry period. The average weight of the heads 
of cabbage (tables IV and V) reflect the variation in amount of moisture 
available for growth. The cabbage harvested in January showed no re- 
sponse to additional water. However, despite the much higher total rain- 
fall during the growth of the third crop there was a marked response to 
irrigation. 

The data of table II and III are included to show some of the variation 
in soil moisture and nitrate level in various parts of the field. The soil 
ranged in texture from quite sandy (tiers C and D) to soil with some clay 
(tiers A and B). There was a uniform irrigation treatment given just 
prior to samples taken October 24, 1947 and these figures represent the 
variation in the moisture-holding capacity of the soil. The samples taken 
on December 2, 1947 and April 28, 1948 were secured just prior to applying 
water to all three treatments. The December 2, 1947 samples were taken 
during one of the short dry periods in the growth of the first crop. The 
evaporation rates were low and there were only small differences in soil 
moisture due to the differential irrigation treatments. There was as much 
difference due to location in the field as to amount of irrigation applied. 
The April 28, 1948 samples were taken after a considerable period of dry 
weather during which the evaporation rate was high and the plants were 
quite large. These values represent the maximum range in soil moisture 
which were obtained during the growth of the crop. 

The nitrate was quite easily leached from the soil especially on the more 
sandy areas. The data of table III show that the nitrate was leached most 
rapidly by the frequent irrigation and that side dressing with NaNO, did 
help to maintain the nitrate level in the soil. 
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TABLE IV 


THE EFFECT OF IRRIGATION ON THE COMPOSITION OF CABBAGE HARVESTED IN JANUARY 








DIFFERENCE 


Occa- No NECESSARY FOR 
Conserrvart ‘ SIONAL wine. SIGNIFICANCE 
“_-s« GATION IRRI- == GATION AP 6506 OF 
GATION GATION 





19 tol 99 tol 





Fresh weight 


Weight per head (lbs.) . eee 1.7 f . N.S.* 
Dry weight (per cent.) . . 8.1 e’ y .29 
Aseorbie acid (mgs. per 100 gms... 52.8 50.4 A 2. NSS. 
Reducing sugars (per cent.) 4h 3.4 f 3. NSS. 
Acid hydrolyzable carbohydrates 

(per cent.) .. 74 ah ‘ ‘ NS. 
Acid insoluble residue (per cent.) 66 .69 . ‘ NS. 
Ash (per cent.) “e .69 -66 ‘ ‘ NSS. 
Calcium (per cent.) .............. .084 .077 08% ‘ .012 
Magnesium (per COM.) creccccccccecccnocneneen 014 014 d ‘ NSS. 
Potassium (per cent.) ..... 26 25 26 25 NS. 
Sodium (per cent.) ....c... ” 014 .016 02 017 NS. 
Phosphate (per cent.) 100 .093 106 ; .010 
Nitrogen (per cent.) ‘i -204 192 
Sulphate (per cent.) ..... 095 089 
Iron (mgs. per 100 gms.) 29 .24 
Manganese (mgs. per 100 gms.) 14 19 


Dry weight 

Ascorbic acid (mgs. per 100 gms.).. 641 626 613 
Reducing sugars (per cent.) . 40.6 42.0 42.4 
Acid hydrolyzable carbohydrates 

(per cent.) ......... 9.5 8.8 
Acid insoluble residue (per cent.) 8.0 8.5 
Ash (per cent.) ............... 8.3 8.1 
Calcium (per cent.) : 1.03 97 
Magnesium (per cent.) aan ' 16 17 
Potassium (per cent.) 3.16 3.06 
Sodium (per cent.) an 21 
Phosphate (per cent.) 1.16 1.16 
Nitrogen (per cent.) ....... 2.47 2.39 
Sulphate (per cent.) . 1.15 1.10 
Iron (mgs. per 100 gms.) 3.44 2.98 
Manganese (mgs. per 100 gms.) . je 2.34 
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* N.S. indicates no significance. 


IRRIGATION 


There was no differential response in the growth of the plants harvested 
in January and as would be expected, there was no major difference in the 
composition of the cabbage (table IV) either on a fresh weight or dry 
weight basis. 

Because of the dry weather during the period of rapid growth of the 
cabbage harvested in April, the differential irrigation treatments resulted 
in large differences in growth. The cabbage receiving no additional water 
averaged 1.5 pounds per head while those receiving frequent irrigation 
averaged 2.7 pounds per head. This marked difference in growth was re- 
flected in the composition. On a fresh weight basis, all the constituents 
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TABLE V 


THE EFFECT OF IRRIGATION ON THE COMPOSITION OF CABBAGE HARVESTED IN APRIL 

















DIFFERENCE 
FRE a, OCCA- , NECESSARY FOR 
QUENT Mxptum stona, N° SIGNIFICANCE 
CONSTITUENT TRRI TRRI- mat- IRRI- AT ODDS OF 
cation STON Garon SATION 
19tol 99tol 
Fresh weight 
Weight per head (Ibs.) ............... ' 2.7 2.5 1.8 1.5 .29 45 
Dry weight (per cent.) 006 6.8 7.2 8.1 8.5 37 56 
Aseorbie acid (mgs. per 100 gms.) 40.9 44.6 53.7 55.5 2.71 4.11 
Reducing sugars (per cent.) . 2.9 3.0 3.1 2.9 17 .26 
Acid hydrolyzable carbohydrates 58 67 83 84 13 .20 
(per cent.) .. 
Acid insoluble Tesidue (per ‘cent. ) .63 65 73 .78 12 18 
Ash (per cent.) 0c... venir 56 57 66 71 .039 059 
Caleium (per CeMt.) occ .075 .072 083 098 .0095 .0143 
Magnesium (per cent.) . sta iae 0083 .0091 010 012 .0021 .0032 
Potassium (per cent.) ........ -20 19 23 .25 0212 .0321 
Boditum (per COM.) n.cccec.ccccccssscccsssnseseene .023 .030 .025 026 .0086 .0131 
Phosphate (per Cem.) ..cceccccccccccecssesenseen 085 .087 106 099 =.017 .026 
Nitrogen (per cent.) 0.0.0... a 14 16 21 .24 027 041 
Sulphate (per cent.) . Sect tnacia .09 m mo | 12 027 041 
Iron (mgs. per 100 gms.) . , 24 27 .30 38 .082 124 
Manganese (mgs. per 100 gms. ). 12 14 17 17 027 041 
Dry weight 
Ascorbic acid (mgs. per 100 gms.).. 603 620 669 660 11.9 18.1 
Reducing sugars (per cent.) 42.4 41.8 38.8 34.3 4.04 6.11 
Acid hydrolyzable carbohydrates 
(per cent.) . 8.6 9.4 10.3 10.0 1.33 2.03 
Acid insoluble residue (per cent. ) 9.4 9.0 9.1 9.3 N.S. N.S.* 
Ash (per cent.) ................ 8.3 8.0 8.2 8.5 N.S. N.S 
Calcium (per cent.) ....... 1.10 99 1.04 1.17 N N.S. 
Magnesium (per cent.) cco 12 13 13 15 02 .04 
Potassium (per cent.) ia 2.90 2.62 2.82 3.02 .20 31 
Sodium (per cent.) 00.00... 34 Al 31 31 .08 12 
Phosphate (per cent. 4 igen 1.25 1.21 1.31 118 NS NSS. 
Nitrogen (per cent.) .. ‘ 2.10 2.30 2.40 2.90 .23 35 
Sulphate (per cent.) .. hs "ae 1.27 1.36 1.43 .08 13 
Iron (mgs. per 100 gms.) . 3.25 3.76 3.77 4.52 1.0 1.5 
Manganese (mgs. per 100 gms.) . 1.81 1.77 2.09 1.95 N.S. NS. 





* N.S. indieates no significance. 


measured except sodium were lowest in the cabbage grown with frequent 
irrigation and as the frequency of irrigation was reduced, the percentage 
of each constituent increased. There was no difference in the sodium con- 
tent on a fresh weight basis associated with different irrigation treatments. 

That this difference in composition is to a large extent one of hydration 
is shown by the fact that on a dry weight basis several of the differences 


disappear and most of them are less significant. It is interesting to note 


that on a dry weight basis, the reducing sugar decreased with a decrease 
in amount of water applied, but acid hydrolyzable carbohydrates increase. 
The increase in the acid hydrolyzable carbohydrate is much smaller than 





Sw 


———— 








et 


AMR SEE NEN 











448 PLANT PHYSIOLOGY 


the decrease in reducing sugars so that the net effect is one of reduction of 
carbohydrate as irrigation is reduced. The per cent. of nitrogen increased 
with a decrease in frequency of irrigation. 

The mineral elements are not as consistent in their variation as the or- 
ganic constituents. This is shown by the percentages of potassium, sodium, 
and sulphate in the cabbage grown with medium irrigation. Both potas- 
sium and sulphate are lower in the medium samples than in the others and 
sodium is higher. The percentage of magnesium and iron on a dry weight 
basis increased with decrease in irrigation. The differences in percentage 
of ash, calcium, phosphate and manganese are not significant. 


NITROGEN LEVEL 


Apparently the leaching of nitrate was greater during the growth of the 
first planting of cabbage than during the last. There was an increase in 
size of cabbage heads with increase in nitrogen in the cabbage harvested 
in January, but there was no difference in the cabbage harvested in April. 
However, it is interesting to note that there were more differences in compo- 
sition in the April harvest than in the January harvest. In both harvests, 
the greatest difference was in the sodium content. The cabbage receiving 
the additional NaNO, had a much higher sodium content than that not side 
dressed. This was the only significant difference in the cabbage harvested 
in January. In the April harvest, an increase in amount of nitrogen added 
to the soil was associated with an increase in the amount of nitrogen and a 
decrease in the amount of carbohydrate in the plant. On a dry weight basis, 
additional side dressings of NaNO, increased the percentage of phosphate. 


SEASON 


There were a few small differences in composition between the January 
and April harvests. These differences were largely associated with the dif- 
ference in response of the two crops to irrigation treatments. The compo- 
sition of the non-irrigated cabbage harvested in April was very similar to 
the cabbage harvested in January. However, the samples taken from the 
frequent irrigation treatments in April had larger heads, less dry weight 
and in general a smaller percentage of most of the constituents than did 
the cabbage harvested in January. 


Discussion 


The primary purpose of this study was to obtain information on the dif- 
ference in composition of irrigated and non-irrigated crops to help in the 
evaluation of irrigation in the production of vegetables. In addition, as 
was pointed out in the introductory statement, an attempt was also made to 
determine if there was any correlation between quality and chemical compo- 
sition. Very little information on this latter point was obtained largely 
because there was little difference in what could be termed market quality 
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even though there was considerable difference in growth. If appearance 
and succulence are used as a basis for quality, the cabbage harvested from 
the frequent irrigation plots in April had the highest quality. The greatest 
difference between the best quality and the poorer cabbage was in moisture 
content. There were other differences but most of them were so small that 
it would require much more data before any definite correlation could be 
mede. This information would indicate that perhaps the physical char- 
acteristics of the plant are more important than composition in determining 
quality. In this connection it might be of value to make such measurements 
as the size of cells and the relationship of one tissue to another. 


Summary 


Cabbage was grown with four levels of water supply—frequent, occa- 
sional, medium irrigation and without supplemental water—two levels of 
nitrogen fertilization and in two different seasons. Samples of cabbage 
were analyzed for dry weight, ascorbic acid, reducing sugars, acid hydro- 
lyzable carbohydrates, acid insoluble residue, ash, calcium, magnesium, 
potassium, sodium, phosphate, nitrogen, sulphate, iron, and manganese. 

There was no difference in growth or composition of cabbage harvested 
from the various irrigation treatments in January. 

Because of an extended period of dry weather during the growth of the 
cabbage harvested in April there was a marked response in growth of the 
crop on different plots. Associated with this difference in growth were the 
following differences in composition. On a fresh weight basis, all consti- 
tuents estimated except sodium were highest in the non-irrigated cabbage 
and lowest in the frequently irrigated cabbage. On a dry weight basis the 
reducing sugars decreased and acid hydrolyzable carbohydrates and nitro- 
gen increased with a decrease in the amount of water added. On a dry 
weight basis sulphate and potassium are lower and sodium is higher in the 
medium samples. The percentage of iron and manganese increase with a 
decrease in irrigation. 

The main effect of side dressing with NaNO, was to increase the sodium 
content. 

The only difference between seasons was associated with difference in 
response to irrigation treatments. 
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THE EFFECTS OF FLOODING ON THE TRANSPIRATION 
AND SURVIVAL OF SOME SOUTHEASTERN FOREST 
TREE SPECIES 


JOHNSON PARKER 
Received July 25, 1949 


Field observations indicate that the distribution of certain forest tree 
species is modified by periodic flooding of the soil. There appear to be 
distinct differences between species with respect to the amount of flooding 
which they will tolerate. Overcup oak, for example, often occurs on areas 
which are flooded for considerable periods of time during the year, but 
northern red oak usually occurs only on the better drained sites. Cypress 
commonly grows on flooded soil, but loblolly pine seldom occurs in such 
wet locations. Presumably the roots of some species are more susceptible 
to injury from the lack of oxygen and excess of carbon dioxide found in 
flooded soils, and injury to the roots usually results in decreased absorp- 
tion of water and minerals and in damage to the shoots. Since very few 
measurements of the effect of flooding the soil on forest trees have been 
made, a study was planned on potted seedlings. 

It was assumed that injury to the roots by flooding would be indicated 
by a decrease in transpiration resulting from decreased water absorption. 
Measurement of transpiration should therefore indicate the extent of in- 
jury to the roots caused by flooding. 

The species used and their origin were as follows: Loblolly pine, Pinus 
taeda, L., North Carolina. Red cedar, Juniperus virginiana, L., North 
Carolina. Cypress, Taxodium distichum, (L.) Richard, South Carolina. 
White oak, Quercus alba, L., North Carolina. Swamp chestnut oak, Quer- 
cus prinus, L., Tennessee. Red oak, Q. borealis, var. maxima (Marsh.) 
Ashe, North Carolina. Overcup oak, Q. lyrata, Walt., Tennessee. Dog- 
wood,Cornus florida, L., North Carolina. 

All of these seedlings except cypress had been grown out-of-doors in 
clay pots for two years and were about 16 inches tall. The cypress was 
brought from the Coastal Plain about four months before the experiments 
were started and kept out-of-doors in clay pots until used. 


Methods 


The soil masses containing the root systems of the experimental plants 
were transferred from clay pots in which they had been growing to metal 
cans painted with asphaltum on the inside and white enamel on the out- 
side. Tops of all cans were covered with two layers of oilcloth which had 
been cut so that the cloth might be placed around the stems of the plants. 
Seedlings of each species were tested in groups of six, three individuals 
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being flooded and three kept in soil at approximately field capacity as con- 
trols. An exception to this procedure was the last experiment in which 
only one species was used as a control. Previous work indicated that the 
principal difference in daily transpiration rate between different species 
of forest tree seedlings kept in soil at field capacity is largely accounted for 
by differences in the root and leaf surface (Parker, 6). It thus seemed 
sufficient in this experiment to use only one species as a control. 

After a preliminary test period during which transpiration rates were 
measured every 24 hours, the soil of three plants of each species was satu- 
rated with tap water so that the water level stood about two inches above 
the soil surface. About every three days flooded containers were opened 
at the tops and water added to maintain the levels. Control containers 
were watered approximately every two days to maintain the soil at field 
eapacity. After one month of flooding containers were drained by allow- 
ing them to lie on their sides with covers removed for a period of 12 hours. 
Transpiration rates were measured by successive weighings of containers at 
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24-hour intervals. All plants were kept in the greenhouse and were dis- 
tributed at random on a shelf under unshaded glass. 

Transpiration rates are expressed as a percentage of the expected rate 
somewhat according to the method of GrapMANN (3). The behavior of 
the treated and control plants is compared before flooding and a factor de- 
rived which may be applied to the control rates at any time during the 
experiment to find the ‘‘expected’’ rate of the treated plants. The ex- 
pected rate is calculated, therefore, on the basis of the pre-flooding be- 
havior and on the continued behavior of the control plants throughout the 
experiment. Values plotted are the average daily values of the flooded 
plants divided by the average expected rates for each day, times 100. 


Results 


The effects on transpiration of flooding seedlings of white oak and 
swamp chestnut oak in the spring of 1948 are shown in figure 1. Flood- 
ing resulted in a decline in transpiration which was essentially the same 
for both species. Recovery was also similar for both species. There was, 
therefore, no evidence that swamp chestnut oak tolerates flooding in closed 
containers better than does white oak. 

Results of flooding eastern red cedar, red oak, and dogwood in the 
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summer of 1948 are shown graphically in figure 2. There was little or no 
difference between red cedar and red oak in their reaction to flooding. 
Both species declined in transpiration at a rate similar to that of white oak 
and swamp chestnut oak shown in figure 1. The leaves of dogwood, how- 
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Pic. 3. Transpiration of red cedar, cypress, and loblolly pine seedlings in flooded 
soil plotted as percentages of the expected rates. Autumn 1948. 


ever, showed a discoloration after two days of flooding. At the same time 
transpiration decreased rapidly. Leaves became a mottled reddish color 
on the third day after flooding, then curled and dropped off. A single 
bud on one dogwood opened after flooding and its leaves remained healthy 
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in appearance for about three weeks, but died shortly afterwards. An- 
other set of three dogwoods was flooded in the summer of 1949, but all 
leaves did not die for almost three weeks after flooding. Weather was about 
the same in both experiments. One month after drainage oaks and cedars 
recovered to about 60% of the expected rate. It is probable that two 
months after drainage enough new roots would have developed to bring 
the absorption rate back to the expected level as indicated by the trans- 
piration rate. 

The effect of flooding loblolly pine, red cedar, and cypress in the autumn 
of 1948 is shown graphically in figure 3. Red cedar suffered most rapidly 
from flooding and loblolly pine suffered only slowly at first. Cypress con- 
tinued at about the expected normal rate after a temporary high rate in the 
first two days of flooding. After drainage, transpiration of loblolly pine 
fell to the same level as that of red cedar. The cause of this is not clear. 
The decline of the transpiration of cypress was believed to be associated 
with the exposure of roots to air that had grown into the water layer above 
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Fig. 4. Transpiration of red oak, swamp chestnut oak, and overeup oak seedlings in 
flooded soil plotted as percentages of the expected rates. Spring 1949. 
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Fie. 5. Transpiration of cypress, red cedar, and lobolly pine seedlings in flooded 
soil plotted as percentages of the expected rates. Spring 1949. 





the soil. These roots were growing directly upward into what was presumed 
to be the better aerated water at the surface. 
An attempt was made to duplicate the results of the previous experi- 














Rite ail 





PARKER; FLOOD EFFECTS ON FOREST TREE SPECIES 459 


ments in one further experiment. This was carried out in the spring of 
1949 using red cedar, loblolly pine, eypress, red oak, swamp chestnut oak, 
and overeup oak. Results are shown graphically in figures 4 and 5. 
Loblolly pine and red cedar behaved as they had in the previous experi- 
ment. The increase in transpiration rate of cypress before flooding may 
be related to rapid root growth after being transferred from the clay pots 
to the cans containing a small additional amount of new soil. At least, 
there was no definite decline as was observed with the other species. 

All oaks behaved somewhat similarly but about four days before the end 
of the flooding period overcup oak seedlings began to produce a second 
crop of leaves, the first having appeared earlier that spring before the ex- 
periment was started. By the end of the experiment the second crop of 
leaves was almost fully developed, and undoubtedly this accounts in part 
for the increase in transpiration during the period just before and after 
the time of drainage. 

Discussion 

These results with forest tree seedlings are somewhat similar to those of 
CuiLpers and Wuire (2) obtained with young apple trees and those of 
LoustaLot (5) with pecan seedlings. These writers found that transpira- 
tion rates were sometimes reduced in two days, although a somewhat longer 
time was commonly required. Herrnicke (4) observed that when the soil 
in which one-year-old apple tree seedlings were growing was flooded in 
summer, leaves showed injury in about one month, but no damage re- 
sulted from flooding in the winter months. 

In general the results reported here support the conclusions of CAUGHEY 
(1) who found that a number of species which grow on soils flooded for 
long periods of time are injured as quickly by flooding as species which 
grow on drier sites. However, in the experiments done by the present 
writer, a much greater ability to withstand the flooded condition was ex- 
hibited by cypress. Overcup oak also behaved differently, but its original 
decline of transpiration rate was similar to that of most other species tested. 

The sudden increase in transpiration rate just after flooding in a num- 
ber of experiments suggests that the soil moisture was somewhat limiting to 
absorption even though it was near the field capacity before flooding oc- 
eurred. 

Summary and conclusions 

A study of the effects of flooding the soil in which a number of species 
of forest tree seedlings were growing showed a considerable amount of 
similarity in reduction of transpiration rate. There were, however, certain 
differences exhibited between species which ordinarily grow in widely dif- 
ferent sites. 

Cypress seedlings showed an outstandingly high level of transpiration 
rate after flooding, although there was evidence that the roots did not grow 
as well in the more poorly aerated levels of the container as in the better 
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aerated levels. Overcup oak showed a decline similar to the other oaks 
in the first few days of flooding, but unlike the other oaks, produced a 
second crop of leaves. 

Red cedar, red oak, loblolly pine, white oak, and swamp chestnut oak 
all showed a similar response to the flooding treatment. Leaves of dog- 
wood seedlings died shortly after flooding in one experiment but when the 
experiment was repeated the leaves died only after three weeks of flooding. 

The writer is indebted to Professor Paul J. Kramer for the techniques 
used and advice given in the course of the work. 
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SOME OBSERVATIONS ON NITRITE FORMATION AND THE 
ABSORPTION OF NITROGEN BY CITRUS’ 
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Received January 12, 1950 


The culture of citrus in Florida is frequently associated with sandy 
soils which allow rapid leaching and lead to nitrogen deficiency symptoms 
in the trees. The application of commercial forms of nitrogen to such soils 
leads to the question of the efficiency with which citrus trees utilize this 
nitrogen. The present article deals with certain observations made on the 
absorption of nitrate, ammonium, and urea nitrogen by year-old budded 
citrus trees. 

Methods 


Twelve trees of Valencia orange budded on rough lemon root stock 
were set in coarse (} to 4 inch) silica gravel. The containers were con- 
erete conduit tile measuring one foot inside diameter and five feet tall, and 
were supported by concrete blocks to a height one foot above the ground. 
The lower end of each container was plugged with concrete at an angle, 
with an orifice at the lower edge to allow for complete drainage. The in- 
terior of each container was painted with an inert emulsifiable asphalt 
compound. In front of each container was a 5-gallon glass carboy for the 
appropriate nutrient solution, which was delivered to the container 
through the orifice by compressed air and returned to the carboy by grav- 
ity (6). 

The methods employed to analyze the amounts of the different forms of 
nitrogen were all colorimetric, using a Fisher Electrophotometer, and em- 
ploying standard colorimetric procedures slightly adapted to the require- 
ments of the solutions themselves. Urea nitrogen was determined by means 
of Xanthydrol reagent (4,5). Ammonium nitrogen was determined with 
Nessler’s reagent (5,9). Nitrite nitrogen was determined with dimethyl- 
aniline reagent (12). Nitrate nitrogen was determined by means of bru- 
cine reagent (5, 8, 9, 11). 

Results 

The trees, after being severely pruned of roots and shoots, were set in 
place May 7, 1948. Nutrient solutions were supplied starting May 10. 
The first leafy sprouts appeared after one week. The nutrient solutions 
were renewed at varying periods, depending on the amounts of the original 
forms of nitrogen changing to other forms of nitrogen, or the amounts 

1 This work was carried out at the University of Florida Citrus Experiment Station, 


Lake Alfred, Florida. Approved for publication by Director Mowry, Florida Agricul- 
tural Experiment Stations. 
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absorbed by the trees. The compositions of the nutrient solutions are in 





‘ 

table I (10). 
After three weeks it was noticed that one of the urea-supplied trees was 

wilting. During the succeeding several days the degree of wilting in- 1 


creased until after a week the tree showed signs of being severely wilted, 
Inspection showed that the tree was not wilting because of improper mois- 
ture and nutrient supply about its root system. It was decided that some 


TABLE I 


COMPOSITION OF THE NUTRIENT SOLUTIONS* 














MOLARITY GMS./LITER 18 Livers 
Nitrate Solution 
KH,Po, “ta 001 0.136 36 
Ca(NO,), .00225 369 81 
KNO, .0021 .212 75.6 
tA ER ares : .0043 639 155 
RR amRERRERES S 0014 .169 50.5 
Ammonium Solution 
KH,Po, alk .0031 421 111.5 
MgSO, .0057 686 205 
CaSO, .00225 306 4050 (0.01 M.) 
(NH,).SO, ie .0076 101 274 
Urea Solution 
Urea .0076 456 274 
KH,PoO, . sail .0031 421 111.5 
MgSO, s .0057 686 205 
CaSO, 4 .00225 .306 4050 (0.01 M.) 
4 Ammonium, 4 Nitrate, 4 Urea Solution 

(NH,) S80, 2 0025 .034 91 
Urea “ .0025 152 91 
Ca(NO,). .00225 369 81 
KNO, . .00057 .058 20.5 
KH,PO, .0025 340 90 
MgSO, .0057 686 205 








* Stock solutions of each of the salts were provided in 0.5 M. concentration and the 
eulture solutions were made up in 18 liter lots with tap water. Boron and manganese 
salts, sufficient to provide 1 p.p.m. of these elements in the final volume, and enough of 
Hoagland’s A-Z solution (3) to provide 0.01 to 0.02 p.p.m. of the minor elements were 
added before dilution. The reaction was finally adjusted to pH 5.8 with sulphurie acid, 
and maintained there by readjustment with either sulphurie acid or potassium hydroxide. 
other factor must be responsible for the wilting. The presence of nitrite 
resulting from the hydrolysis of the urea and the subsequent incomplete 
oxidation of the nitrogen was suspected. The presence of a relatively high 
concentration of nitrite was found by qualitative test. The other urea- 
supplied trees which at this time showed no signs of wilting, were also 
tested for the presence of nitrite in the nutrient solutions, and a consider- 
able concentration of nitrite was found in each. An attempt was made to 
protect these trees, as well as the wilting tree, from injury by flushing the 
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gravel about the roots for two days with water. The nutrient solutions 
were discarded and replaced with fresh solutions. 

After another week, on June 15, it was noticed that all the urea-supplied 
trees had started to show signs of wilting, which increased in severity daily. 
The flushing treatment was again applied for three days. The nutrient 
solutions were also replaced with fresh solutions. However, the original 
wilting tree died after several days. The other trees recovered whenever 
the nutrient solutions were renewed with fresh chemicals, but severe wilt- 
ing resulted after a two-day recovery period as the nitrite concentration in 
the solutions increased. In one case it was noted that the nitrite concen- 
tration per liter increased from zero to 42 mg. of nitrogen in a three day 
period (June 21 to June 24). 

At no time did any of the other trees show any signs of wilting as did 
the urea-supplied trees. On the contrary, they continued to grow vigor- 
ously and in a healthy condition. 

In order to demonstrate that the formation and increase in nitrite con- 
tent of the nutrient solutions was independent of the root action or absorp- 
tion by the tree, the following experiment was carried out. A wvea nu- 
trient solution was employed with and without the presence of a rect sys- 
tem. The solutions were analyzed regularly for urea, ammonium, nitrite, 
and nitrate nitrogen. It was apparent (table I1) that as the urea content 


TABLE II] 


COMPARISON OF UREA NUTRIENT SOLUTIONS IN PRESENCE AND ABSENCE OF PLANTS 


(THESE VALUES INDICATE MG. N. PER LITER FOR ALL FORMS OF NITROGEN ) 


ABSENCE OF PLANT PRESENCE OF PLANT 

Dare mms AM- NI NI Thema AM NI NI- 

j MONIUM TRITE TRATE 3 MONIUM TRITE TRATE 
July 9* t 0 0 0 198 0 0 16 
July 12 215 4 0 12 180 0 0 39 
July 14 155 26 0 20 67 37 17 75 
July 16 130 34 slight 28 22 58 21 83 
July 19 120 66 22 22 5 64 23 78 
July 21 t 60 25 35 5 49 16 103 
July 23 85 66 28 36 t 1] 8 100 


* Fresh solutions. 

t No analysis. 
decreased, there was an increase in the content of ammonium, nitrite and 
nitrate, even in the absence of a root system. It was noted in particular 
that the nitrite content of the solution used in the absence of a root system 
reached a concentration of 28 mg. nitrogen per liter in a period of two 
weeks. 


To demonstrate the importance of adequate aeration in preventing the 
accumulation of nitrite in the urea nutrient solutions, air was bubbled 
continuously through one urea nutrient solution, and leaving another solu- 
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tion unaerated as a control. The results in table III show that aeration, 
1.€., oxygen supply, is a factor in preventing the accumulation of nitrite 
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nitrogen. However, with the advent of cooler weather there was no ac- 
cumulation of nitrite nitrogen in the urea nutrient solutions, even in the 
absence of bubbling air. 

The graphs in figure 1 illustrate the changes in nitrogen in the different 
nutrient solutions at two different seasons of the year, and the photographs 
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Appearance of citrus trees grown in the various nutrient solutions at two different seasons of the year. 
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TABLE III 


COMPARISON OF CONCENTRATIONS OF NITRITE NITROGEN IN AERATED AND 
NON-AERATED UREA NUTRIENT SOLUTIONS 


NON-AERATED AERATED 
July 12 Laid 0 mg. N. per liter 0 mg. N. per liter 
July 14 ......... akties 26 slight 
July 16 36 0 
July 19 39 0 
July 21 26 0 
July 23 24 0 





in figure 2 illustrate the conditions of the plants at these same seasons. 

In order to determine the amounts of the various forms of nitrogen 
(urea, ammonium, and nitrate) which citrus trees may absorb, three liter 
quantities of each nutrient solution (table 1) were prepared, passed 
through the containers, and collected in fiasks. It took about ten minutes 
to complete each pass, the theory being that in such a short time the 
changes caused by microérganisms would be minimum, and the changes in 
concentrations of nitrogen in the solutions would be solely due to absorp- 
tion by the plants. The original three liter volume of each nutrient solu- 
tion was recovered by passing sufficient water through the containers to 
obtain the desired volume. The solutions were immediately analyzed for 
the various forms of nitrogen. The amounts of each form of nitrogen ab- 
sorbed by the trees were determined by difference from the concentrations 
in the original nutrient solutions. The root systems were washed with 18 
liter quantities of water for several days following the above experiments 


TABLE IV 


PER CENT. ABSORPTION OF VARIOUS FORMS OF NITROGEN BY CITRUS PLANTS 





OcTOBER 6 OcTOBER 18 NOVEMBER 1 NOVEMBER 29 DECEMBER 7 
Nitrate Nitrogen 
41.3 42.3 0.5 21.8 22.0 
Ammonium Nitrogen 
20.9 38.6 44.5 29.1 22.9 
Urea Nitrogen 
10.6 8.2 18.4 26.5 
in order to remove any nitrogen that may have been adsorbed by the gravel, 
and the washings were collected and analyzed for the various forms of 
nitrogen. These amounts were added to the quantities remaining in the 
solutions after the first pass. 


Table IV summarizes the results obtained in these experiments. These 
results seem to indicate that all three forms of nitrogen are absorbed by 
citrus plants, even though the values are quite variable. 
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Discussion 

The fact that the amounts of nitrite nitrogen decreased to zero, without 
any aeration of the urea nutrient solution, after cooler weather set in, 
seems to indicate that relatively high temperatures may repress the activi- 
ties of the nitrite-oxidizing microérganisms which ordinarily would convert 
the nitrite to nitrate. While the nitrite in itself may not have been toxie, 
it is believed that the process of nitrate formation so depleted the oxygen 
supply of the nutrient solution that more economical use of the oxygen was 
directed to nitrite formation. According to Miller (7) : 

“Interference with the process of respiration is apparently the cause 
of the injury and eventual death of the roots due to the exclusion or de- 
pletion of the oxygen supply of the soil. The first visible effects of the 
lack of oxygen to the roots are the wilting of the plant and a lowering of 
the rate of transpiration. These effects are apparently due to the fact 
that the protoplasm does not function properly as an absorbing membrane.’’ 

It is probable that the toxic effect on the urea-supplied plants was due 
to a lack of sufficient oxygen about the roots, although there is also the pos- 
sibility of a direct injurious effect by the high concentration of the nitrite 
present. Curtis (1) has found that the roots of citrus seedlings were in- 
jured in nutrient cultures having an oxygen concentration of 0.7 p.p.m. or 
less, the injury beginning at the root tips and becoming more severe as the 
oxygen concentration was decreased and time of exposure to low oxygen 
concentration increased. Curtis (2) also found that the appearance of 
nitrite injury on roots of citrus seedlings was not essentially different from 
that caused by oxygen deficiency. 

The experiments cited above seem to indicate that both unfavorably 
high temperatures and insufficient aeration may have exerted depressing 
effects on the activities of the nitrite-oxidizing organisms. Since it was 
demonstrated that the nitrite content of the nutrient solution increased 
with time, it was inferred that the oxygen supply was insufficient to com- 
plete the hydrolysis of the urea and complete the oxidation of the nitrogen 
to the nitrate form. 

CO(NH.).+H.O > CO, + 2NH; 
Urea 

2NH, + 30, — 2NO,° + 2H,O + 2H* 

2NO.° + O. — 2NO, 


Summary 
Twelve trees of Valencia orange budded on rough lemon root stock 
were set in coarse (4 to } inch) silica gravel. Complete nutrient solutions 
were used in which the form of nitrogen was varied in different solutions. 
The forms of nitrogen studied were urea, ammonium, and nitrate. 
Wilting of trees occurred during the warmest period of the year when 
the source of nitrogen in the nutrient solutions was in the form of urea. 


Concomitant with this wilting was a very apparent accumulation of nitrite 
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in these solutions. Experiments demonstrated that relatively high tem- 
peratures were a factor in nitrite accumulation, which could be counter- 
acted by sufficient aeration of the nutrient solutions. 

There was also evidence that urea, ammonium, and nitrate were ab- 
sorbed by the roots of citrus trees. 


The authors are pleased to acknowledge their indebtedness to Dr. A. F. 
Camp, Vice-Director in Charge of Research, Citrus Experiment Station, 
Lake Alfred, Florida, for his interest in and support of this investigation. 
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EFFECTS OF SOME GROWTH REGULATING SUBSTANCES ON 
THE TRANSPIRATION OF ZEA MAYS, L. AND 
RICINUS COMMUNIS, L. 
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In 1943 Amuione (1) reported an increase in the transpiration of 
Cooper’s Ernte tomato plants grown from seeds that had been soaked for 
24 hours in a solution containing 100 mg. of potassium naphalene acetate, 
100 mg. of ascorbie acid and 2000 mg. of thiourea per liter of water. 

Three years later, Brown (2) investigating the effect of 2,4-Dichloro- 
phenoxyacetic acid (1000 p.p.m.) on the water relations of Phaseolus vul- 
garis found: ‘‘the total amount of water absorbed and transpired by 
sprayed plants during the five days immediately following treatment was 
34% less than that for comparable untreated ones’’. 

Ferri and Aurea Lex (3) added to the soil of potted plants of Tro- 
pacolum majus 75 ml. of an aqueous solution of B-Napthoxyacetie acid (300 
mg./1.). Twenty-four hours after treatment the transpiration rates of 
leaves, detached from control and treated plants, were determined. Water 
losses from the latter were decreased. Ferri and Mererepes Racuip (4) 
report that 2,4-Dichlorophenoxyacetie acid (100 and 200 mg./1.) and B- 
Napthoxyacetic acid (various concentrations) generally caused a decrease 
in the transpiration rates of leaves detached from potted plants. The au- 
thors studied both monocotyledonous and dicotyledonous plants. The in- 
creasing order of effectiveness of treatment on the former was: Coix lacryma 
jobi, Zea Mays and Stenotaphrum americanum; of the latter: Tararacum 
officinale, Verbascum blattarioides and Nicotiana tabaccum. 

The results of this study, carried on during the spring (Expt. I; corn) 
and summer of 1947, indicate that application of the growth regulating 
sprays tested had a negligible effect on the water loss of corn. Contrarily, 
most of the sprays affected the transpiration of castor bean plants. Also, 
the results tend to suggest a possible correlation between the toxicity of 
the acid employed and the magnitude of its effect on the transpiration of 
the castor bean plants. 

Materials and methods 

Corn seeds (a single cross obtained through the generosity of Funk 
Bros. Seed Company) and castor bean seeds, Conner variety, (obtained 
through the courtesy of the United States Department of Agriculture) were 
used in this study. The seeds, sown in soil (three parts loam, two parts 
peat-moss and one part sand) in three inch pots, were allowed to grow out- 
doors' until two leaves, not cotyledons, of the plant were ‘‘mature.’’ 


1 Corn plants were grown and Experiment I was conducted in the greenhouse. 
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The precaution of removing ‘‘immature’’ leaves and using only ‘‘mature’”’ 
ones was found necessary to avoid fluctuation in leaf area during the ex- 
perimental period. 

Before the spray solutions were applied the pots, containing the soil 
and roots of the experimental plants, were completely sealed. The method 
described by Meyer and ANpERSON (5) was employed with one modifica- 
tion: an additional glass tube was inserted between the outside of the pot 
and the inside of the metal shell to facilitate aeration. Several times dur- 
ing the experimental period air was circulated in the metal shells. Henee, 
a lack of oxygen in the environment of the roots was not considered a factor 
necessitating consideration in the explanation of the. results. 

The weight of each plant unit: pot, shell, tubes and plant, was deter- 
mined to decigrams on a trip scale. Two plants were labeled as controls. 
The remaining plants were divided into six groups of two plants each. 
Each of the six groups was then treated with one of six different growth- 
regulating sprays. 

Indole-3-Acetic acid (LAA), B-Napthoxyacetice acid (B-NAA), P-Chloro- 
phenoxyacetie acid (P-CAA), 2,4-Dichlorophenoxyacetic acid (2,4-D), B- 
(Indole-3)-Propionic acid (B-IPA), and _ y-(Indole-3)-Butyrie acid 
(y-IBA) were prepared as aqueous solutions by dissolving the acid in 1-3 
ml. of absolute ethanol and adding the appropriate amount of water. 
0.01% was selected as the initial concentration for all of the sprays. In 
subsequent tests two other concentrations: 0.02%. and 0.1% spray solu- 
tions were used. Because of the drastic epinastic effect of P-CAA and 
2,4-D on dicots, the concentration of these sprays was increased only twice 
the original concentration. The second series of experiments with the 
other four acids employed 10 times as great concentrations as were used in 
the first tests. 

Application of the spray to the plant material was, in all cases, made 
through the use of a small hand atomizer. Both surfaces of all blades were 
sprayed requiring a maximum of 10 ml. of solution per square decimeter 
of leaf surface. 

Plants were then placed on a motor-driven table revolving three and 
one half to four times per minute. By means of this precaution, the en- 
vironment of the plants was rendered more nearly uniform, and the com- 
plications of unequal illumination, temperature and humidity variation, 
or possible differences in the circulation of air around individual plant units 
were deemed negligible. 

Plants were weighed from 8: 30 to 9: 30 in the evening and also between 
6 and 7 in the morning in all but the first experiment involving corn, for 
a period of one week subsequent to the application of the sprays. Loss 
in weight was always replaced with the equivalent weight of water after 


each weighing. 


In order to express results on the basis of grams of water lost per given 
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unit of area, the area of all leaves of both control and treated plants was 
determined by means of a Dietzgen’s Lasico Compensating Polar Plani- 
meter. 
Results and discussion 

Corn.—The magnitude of the transpiration occurring from corn plants 
treated with growth-regulating sprays was almost the same as that of con- 
trol plants. Moreover, no epinastic responses could be observed among 
the plants during the week subsequent to treatment. 


TABLE I 


TRANSPIRATION (Gr./Dm.*) OF EACH OF THE CONTROL AND TREATED 
CORN PLANTS OF EXPERIMENTs I, II Anp III 


EXPERIMENT I EXPERIMENT IT EXPERIMENT ITI 





7 Days 7 Days 
TREATMENT As Dats bitte TDaYs ser 7 Days ee 
TOTAL TOTAL DAY Nient Tora. DAY NIGHT 
U 55.2 30.7 26.6 4.0 19.0 15.2 3.8 
40.0 31.2 27.5 3.7 18.2 13.6 4.6 
36.5 30.7 5.8 20.0 14.2 5.8 
C-I8F 29.8 25.5 4.4 29.4 29.6 6.8 
39.5 36.7 32.5 4.1 
0.01% IAA 50.4 29.6 25.7 4.0 
19.8 13.7 6.1 
0.1% IAA 23.9 159 73 
: 49.3 35.5 31.0 4.5 
0.01% B-NAA 50.5 36.9 31.8 51 
“s 23.5 16.0 7.5 
0.1 % B-NAA . 00.2 144 5.8 
49.8 35.3 30.6 4.7 
0.01% P-CAA 52.8 34.9 30.0 4.9 
25.1 20.9 4.2 
CARR - POAA 936 181 55 
3.9 39.2 31.5 7.7 
0.01% 2,4-D af! 33.8 28:3 55 
18.1 14.4 3.7 
0.02%  2,4-D 20.3 15.6 4.7 
46.8 28.7 25.1 3.6 
0.01% B-IPA 38°8 31.2 26.7 4.6 
22.4 16.2 6.1 
0.1% B-IPA 25.0 18.1 6.9 
57.9 34.1 29,0 5.1 
0.01% y-IBA 45.5 29.9 19.8 3.1 
22.3 15.6 6.8 
0.1% y-IBA 26.5 17.8 8.6 


A summary of three experiments is presented in table I, which gives 
the total water loss (Gr./Dm.”) of each plant, treatment, and the length of 
the experiment. Average daily water loss, shown cumulatively, is depicted 
in figures 1, 2, and 3. 

In the second and third experiments Ivory Soap Flakes were added to 
each of the six sprays (0.5 gm./100 ec.) to insure a more nearly even dis- 
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Fig. 1. Average water losses of corn plants shown cumulatively for 18 days sub- 
sequent to treatment with sprays. Each segment of the horizontal bars represents a 
successive 24 hour period. Treatment on the ordinate (concentration of each acid: 
0.01%). Transpiration in Gr./Dm.? on the abscissa. 


tribution of the growth regulating substances over the surfaces of the 
pubescent corn blades. Plants designated C-ISF were, of course, treated 
with an aqueous solution of Ivory Soap Flakes (0.5 gm./100 ee.). U in- 
dicates untreated plants. 

From table I (Experiment I) it may be seen that the difference in the 
total amount of water lost by the two control plants (15.2 gm.) is almost 





TOTAL H20 LOSS 


DAY Hz0 LOSS 











Fig. 2. Transpiration (Gr./Dm.2) of corn plants shown cumulatively for a week 
subsequent to the application of 0.01% sprays. Each segment of all average total water 
loss bars represents a successive 24 hour period; day loss a 13 hour period; night loss 
an 11 hour period. 
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as great as the difference between any treated plant and the controls. More- 
over, the differences obtained by subtracting the average total water losses 
of the sprayed plants from the average total water loss of the control plants 
does not exceed 5 grams: approximately one-third the variation in total 
water loss of the two control plants. Therefore, it seems valid to assume 
that the sprays had little or no effect on the transpiration of the treated 
plants. Experiments II and III reaffirm the negligible effect of the growth 
regulating substances on the transpiration of corn. 














Fie. 3. Transpiration (Gr./Dm.2) of eorn plants shown cumulatively following 
treatment (concentration of P-CAA and 2,4-D was 0.02%; of other sprays 0.1%). 
Each segment of an average total water loss bar represents 24 hours; segments of day 
loss: 13 hours; of night loss: 11 hours. 


CasTOR BEANS.—The most general effect of the various growth-regulating 
sprays on the transpiration of castor beans was a decrease in water loss 
which varied with the spray as well as its concentration. 

Within an hour after treatment plants showed varying degrees of 
epinasty. These responses generally became more severe during the next 
two or three days, and for plants sprayed with P-CAA and 2,4-D wilting 
of the leaves and death of the plants by the end of the week was observed 
in both experiments. 
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A summary of two experiments is given in table II. In both experi- 
ments the differences between the average total water losses of each of the 
groups of treated plants, except plants treated with B-IPA, and the 
average total water loss of the control plants is greater than the variation in 
the amount of water lost by the control plants in the experiment. 


TABLE II. 


TRANSPIRATION (Gr./Dm.*) OF EACH OF THE CONTROL AND TREATED 
CASTOR BEAN PLANTS 











EXPERIMENT I EXPERIMENT IT 
7 Days 
TeeaTuuwr 7 DaYs : 7 Days 4 








NIGHT TOTAL 





Cc 

TAA 
TAA 
B-NAA 
B-NAA 
P-CAA 
P-CAA 
2,4-D 
2,4-D 
B-IPA 


. 108.0 100.6 
B-IPA 115.5 108.3 
y- IBA 


83.6 76.5 i 
0.1% y-IBA ' 86.1 79.1 7. 





Since the obvious decreases in transpiration of plants sprayed with 
IAA, B-NAA, P-CAA, 2,4-D, and y-IBA are consistently accentuated by 
increased concentrations of these respective acids it seems valid to con- 
clude that all of the sprays tested, except B-IPA, are effective in decreasing 
the total transpiration of castor bean plants. Moreover, it also seems 
justifiable to conclude that the decrease in water loss oceurs during the 
hours of daylight (figures 4 and 5). 

A most singular result to be noted however, is an increased transpira- 
tion during the night hours of castor bean plants treated wiht 2,4-D, B-NAA 
and P-CAA. The compounds are increasingly effective, in the order given, 
in promoting this effect. Increased concentrations of each of these sprays 
intensifies the results. 
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A possible explanation of this phenomena n.ght be the increased surface 
area exposed by splitting of the stems of plants sprayed with 2,4-D, P-CAA 
and sometimes IAA. B-NAA, however, is not especially active in pro- 
moting, at least macroscopically, the splitting of stems of castor bean plants. 

The explanation of a deviation in the total amount of water lost by two 
plants subjected to identical treatment is thought to be due, not only to the 
difference in the degree of splitting of stem tissue, but also to unequal 
nastic movements of the leaves of two plants. It is believed that partial 
overlapping and protection of some of the transpiring areas may in part 
account for the variation in loss of water. 
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Fie. 4. Transpiration (Gr./Dm.2) of eastor bean plants shown for a week sub- 
sequent to the application of 0.01% acids. Each segment of the horizontal bars rep- 
resenting a successive 24 hour period (Total H,O Loss); 13 hours (Day) or 11 hours 
(Night Loss). 


This reasoning is thought to be applicable, for example, to the 16.6 grams 
difference between the total water loss in grams per square decimeter of the 
two plants sprayed with 0.01% P-CAA (table II); also to the 10.3 grams 
difference between those plants sprayed with 0.02% P-CAA. However, 
in the latter instance the variation is not of much greater magnitude than 


the deviation: 7.7 grams, between the two controls for that experiment. 
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Summary 

Six growth-regulating compounds: Indole-3-Acetic acid, B-Napthoxy- 
acetic acid, P-Chlorophenoxyacetic acid, 2,4-Dichlorophenoxyacetiec acid, 
B-(Indole-3)-Propionie acid and y-(Indole-3)-Butyrie acid were tested in 
the following concentrations: P-Chlorophenoxyacetiec acid and 2,4-Dichloro- 
phenoxyacetic acid at 0.01% or 0.02%; the other compounds at 0.01% or 
0.1% concentrations to determine their effects on the transpiration of Zea 
Mays, L. and Ricinus communis, L., (variety: Conner). 

1. Average total transpiration of treated corn plants (Gr./Dm.’) was 
not considered to be affected by treatment with the growth-regulating 
sprays. 
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Fig. 5. Transpiration of castor bean plants, Gr./Dm.2, for a week after sprays 
were applied. A successive 24 hour period is represented by each segment of the hori- 
zontal bars depicting Total H.O Loss; 13 hours and 11 hours for Day and Night Losses 
respectively. 


2. All of the sprays, with the exception of B-(Indole-3)-Propionic acid, 
decreased the average total transpiration of castor bean plants. Also, an 
increase in the concentration of each of the effective sprays resulted in a 
greater decrease in the average total water loss of the treated plants. The 
order of effectiveness of the sprays in decreasing transpiration of castor 
bean plants was consistently: 2,4-Dichlorophenoxyacetic acid, P-Chloro- 
phenoxyacetie acid, Indole-3-Acetic acid, y-(Indole-3)-Butyric acid and 
B-Napthoxyacetie acid. 

3. Increase in the average total transpiration of treated castor bean 
plants during the hours of the night, in comparison with the average total 
transpiration of comparable untreated plants was repeatedly observed. 
A possible theory is proposed for the explanation of this observation. 
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Introduction 


The study of carbohydrate metabolism has received considerable atten- 
tion in the animal domain. It has been assumed by many that carbohy- 
drate metabolism in higher plants follows a similar path. Many investi- 
gators have contributed toward the elucidation of this assumption but the 
final goal has not yet been reached. The literature on the subject has been 
ably surveyed by Vickery et al. (19), Pucuer et al. (11), and Swerts et al. 
(16) and will not be reviewed in detail in the present paper. 

The reactions occurring during the metabolism of carbohydrates are 
separated into two main schemes—one taking place under anaerobic, the 
other under aerobic conditions. The problems having received the most 
attention are largely concerned with anaerobic processes such as the fer- 
mentation of sugar to ethyl alcohol and the formation of lactic acid. The 
reactions leading to the complete oxidation of carbohydrates under aerobic 
conditions (7.e. respiration) are not as well understood. 

The object of the present investigation is to study the possible steps in- 
volved in the respiratory mechanism of plant tissues inasmuch as they are 
connected with the aerobic path of carbohydrates, by determining the ex- 
tent to which some of the metabolic intermediates known for animal tissues 
fit into the plant domain. 

The program of research was planned to include several parts, the first 
being the study of the growth of chlorella when supplied with organie acids 
known to enter in the path of aerobic carbohydrate metabolism in animal 
tissues. Other portions are concerned with the effects of organic acids on 
respiration and the study of the action of various enzymes and enzyme 
inhibitors. These will be reported in subsequent publications. 


Materials and methods 


MareriaLs.—The strain of chlorella used was originally isolated from 
soil by Wann (20) and has been maintained in pure culture in the Plant 
Physiology laboratory at Cornell University. According to CLarK (2), 
the species has not been described taxonomically. 

The chlorella used were all derived from a single cell obtained by plating 
out a suspension of cells at the beginning of the investigation. The algae 

1 Present address: Firestone Plantations Company, Harbel, Liberia, West Africa. 
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were grown in the nutrient solution used by FLeIsHer (3) and by MANDELS 
(8), with the addition of Haas and Reed’s A-Z solution. The full nutrient 
solution is composed of : 


KNO, 1.25 gm. .0124 M 
KH.PO, 1.22 gm. .0099 M 
FeCl, .01 gm. 
Redistilled H,O 1000 ml. 
A-Z solution 1 ml. 
Na citrate 1.00 gm. .0014 M 
Glucose 15.00 gm. 


Throughout this study the term ‘‘nutrient solution’’ refers to the full 
nutrient solution described above but minus the Na citrate and glucose. 

All the chemicals and reagents used were of C.P. grade. Triple dis- 
tilled water was used throughout for solutions, rinsing glassware, ete. The 
purity of this triple distilled water, when measured with a Barnstead pur- 
ity meter, registered about .05 part per million of NaCl, whereas the ordi- 
nary distilled water contained .8 p.p.m. of which .1 p.p.m. is known to be 
copper. The .05 p.p.m. of impurities of the triple distilled water can be 
accounted for by the uptake of CO, from the air. 

When used, the organic acids were added to a concentrated nutrient 
solution and then made to volume so as to keep the final concentration of 
the nutrient solution intact. 

The acid intermediates used were: 


Lactic Succinic 
Pyruvic Fumaric 
Acetic Malic 
Cis-Aconitic Butyric 
Citric Propionic 


Unfortunately oxalacetic and isocitric acids were not available. a-keto- 
glutaric acid was obtained in a quantity insufficient to utilize for the 
growth experiments. 

The acids were used in the salt form. When a salt was not commer- 
cially available, it was either synthesized, as in the case of pyruvate by 
Robertson’s procedure (14), or the acid was neutralized with NaOH and 
brought to the needed concentration. Cis-aconitic acid was prepared from 
commercial trans-aconitic acid by the Malachowski and Maslowski method 
(7). 

By means of a Beckman automatic pH meter (sensitivity = + .1), the 
initial pH of the solutions was regulated with a few drops of normal HCl 
or NaOH to about 5.6, which was found to be favorable for the growth of 
chlorella. This operation, however, was omitted when glucose was used 
because glucose lowered the pH about .2. 
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PREPARATION OF CULTURES.—The stock cultures were grown in 1 liter 
Erlenmeyer flasks, each of which contained about 300 ml. of the full nu- 
trient solution while the organic acid culture vessels were 300 ml. Erlen- 
meyer flasks, each containing 100 ml. of nutrient solution. The flasks were 
sterilized by autoclaving at 15 pounds of pressure for 20 minutes. 

Stock culture vessels were inoculated with a transfer loop and the or- 
ganic acid cultures were inoculated with pipettes. The pipettes used for 
inoculation were sterilized in a hot air oven at 160° C to two hours. A 
small wad of cotton was inserted in the mouth end before sterilization. 

The flasks were then placed in the insulated thermostated chamber as 
described by MANDEts (8) and were automatically shaken for five minutes 
every hour. The light intensity applied for stock cultures was about 500 
foot candles. On the other hand, the organic acid cultures were kept in 
the dark. For this purpose, the insulated chamber was protected from 
light by four layers of black cotton cloth. In both cases, the temperature 
of the chamber was adjusted to 28° C + .5°. 

In preparing the inoculum for organic acid cultures, a known amount of 
cells was needed to permit an accurate measurement of growth. To free 
them of sugar, the cells were removed from full nutrient solution and 
starved for 30 hours. As freedom from other organisms was essential, the 
centrifuge could not easily be used. Consequently all operations were 
made in the transfer room which had been sprayed with a dilute 
solution of mercuric bichloride and the working surfaces wiped with a 
dilute solution of phenol. The cells were allowed to settle in the stock 
flasks. The supernatant liquid was discarded and about 200 ml. of steri- 
lized nutrient solution were poured in. The flasks were shaken thoroughly 
and the contents allowed to settle. This operation was repeated six times 
at one hour intervals, after which about 100 ml. of nutrient solution were 
added. The resulting suspension was allowed to stand in the dark at room 
temperature for 30 hours. One ml. of this suspension was inoculated into 
each flask containing the organic acid cultures. This stock suspension, if 
kept in the refrigerator for periods up to 21 days, will give equally good 
results. However, in all the experiments reported here, no stock suspen- 
sion older than 12 days was used. 

CELL counts.—Cell density was determined with a haemocytometer of 
the type used for blood counts. Samples were taken with an inoculating 
loop. 

CHLOROPHYLL DETERMINATION.—A chlorophyll extraction procedure 
similar to that of FLEIscHer (3) was used. An aliquot of cell suspension 
was centrifuged, the supernatant liquid discarded and enough distilled 
water to cover the cells was added. The centrifuge tubes were heated in a 
boiling water bath for two minutes. The suspension was centrifuged again 
and the supernatant discarded. The pigments were extracted by adding 
two or three 15 ml. amounts of methyl alcohol and then boiling the mix- 
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ture for two minutes. Two or three small bits of carborundum were placed 
into each tube to prevent bumping during the boiling process. The ex- 
tracts were combined and brought to a final volume of 50 ml. 

To determine the amount of chlorophyll, it was first necessary to obtain 
a solution containing a known concentration of chlorophyll and then to 
construct a calibration curve for the electric photometer which was used in 
subsequent routine determinations. 

The Comar and Zscuemte (1) method was followed to obtain the solu- 
tion of known concentration. This process requires the use of the Beck- 


man spectrophotometer which gives the optical density (p- logic | of 
the sample. The values found are then substituted in the equation: 

Total chlorophyll mg./ml. = 7.12 log, -s (at 6600 A) + 16.8 log,, = (at 
6425 A). 


For the routine determinations, a Fisher electric photometer was used 
with the micro attachments and the red filter (6500 A). 

DETERMINATION OF ACIDS.—The nutrient solutions containing acid were 
tested to determine the amounts of acid that may have been withdrawn by 
the chlorella which had grown in it for varied periods. The quantities were 
titrated potentiometrically by the Van Slyke and Palmer method (18). 
This method is based on the theory that if the salt of a weak acid is present 
in a water solution, the addition of nearly one full molecule of HCl for 
each molecule of such salt is necessary to cause a change in the hydrogen 
ion concentrations from 10° to 2x 10°. However, if the electrolytes pres- 
ent.are salts of strong acids such as sulphites or chlorides, relatively little 
strong mineral acid is required to change the pH. 

The organic acids to be determined all behave as weak acids. As the 
nutrient solutions also contain weak mineral acids, notably phosphoric and 
carbonic which would interfere with the determination, these mineral acids 
must be eliminated before titration. A 10 ml. aliquot of the suspension 
was centrifuged, the supernatant liquid poured into a beaker, the cells 
washed with distilled water and the washings added to the beaker after 
centrifugation. A small amount of powdered Ca(OH). was added to 
the beaker to precipitate the mineral acids which were then left to stand 
for 15. minutes and stirred occasionally. The suspension was filtered and 
the filtrate brought to pH 7.8 with two normal NaOH. This was titrated 
potentiometrically with the Beckman pH meter to pH 2.6. A distilled 
water blank was deducted from the final titration and a correction factor 
was applied to obtain the titration value which was converted to milliequiva- 
lents per milliliter of suspension. 

The correction factor was calculated from the percentage of recovery of 
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the acids obtained on known amounts of the individual acids. The recov- 
ery per cents. are given below. 


Acid Recovery per cent. 
Lactic 93.5 


Pyruvic 68.5 
Acetic 99.2 
Cis-aconitic 80.6 
Citrie 90.0 
Succinic 98.5 
Fumarie 83.5 
Malic 93.5 
Butyric 98.7 
Propionic 95.3 


Results 


During the normal process of reproduction, one chlorella parent cell 
usually produces two to four autospores which, after enlarging, rupture 
the parent cell wall and are liberated, growing thereafter as individual 
cells. Growth curves of chlorella are similar to those of bacterial popula- 
tions and, during the period of active cell division, the imerease in cell 
number is an exponential function. Plotting the logarithm of the number 
of cells versus time gives a straight line. However, where cell division is 
slow, this type of plotting offers no special advantage. 

In the present studies, it was necessary to remove all sources of carbo- 
hydrates except those to be tested. Consequently the major portion of the 
experiments was conducted in the dark to eliminate the photosynthetic 
production of carbohydrates. As a result, the growth was much slower 
than for chlorella grown in light or with glucose added to the nutrient solu- 
tion. For this reason, the logarithmic plotting was not used. Instead, 
growth was measured by counting the number of cells per mm.° of sus- 
pension. 

The concentration of chlorophyll was determined to give an indication 
of the health conditions of the cells. To compare the condition of the 
chlorella grown in organic acid cultures with that of the chlorella grown 
in glucose, the chlorophyll concentration of cells grown with glucose in 
the dark was potted against the number of cells in the suspension as a ref- 
erence curve. Figure 1 shows the straight line relationship obtained. It 
denotes that the nutrient solution was suitable for chlorella since the 
chlorophyll content is proportional to the number of cells. There is, how- 
ever, a large margin of variation for cells grown with other organic nu- 
trients. 

The various sodium salts of organic acids added to the nutrient solu- 
tions were used at many different concentrations. However, only those 
concentrations giving the most significant results have been reported in the 
ensuing data. The acids are listed, not alphabetically, but logically, in 
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the order in which they are generally described in the tricarboxylic cycle 
of animal tissues. 

Soprum LACTATE.—Lactate has been suggested by several investigators 
as a source of organic matter which could replace glucose in many cultures. 
Warsure (21) measured the respiration of chlorella which had been fed 
lactic acid in the light. He found a much lower rate of oxygen uptake 
than when the algae were grown with glucose. No comparative growth 
was reported however. 

In this study, table I shows that growth occurred with lactate at sev- 
eral levels of concentrations. As little as .005 M gave a ratio of growth 
of 1.63 when the relative growth of the control was 1.0. Even a concen- 
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Fig. 1. Relationship between the chlorophyll content and the concentration of cells 
in suspension. 


tration of .0005 indicated a greater cell number than the control. The 
best growth, however, occurred with .1 M lactate, which gave a ratio of 4.0 
35 days after inoculation. Above .1 M growth decreased. 

Throughout the period of growth, the amount of acid present in the 
cultures decreased. Column 3 of table I shows the amount of acid disap- 
pearance. Larger amounts of acid were lost from the nutrient solutions 
which originally contained the highest concentrations. A correlation be- 
tween the amount of acid absorbed and the increase in the number of cells 
cannot be expected since other life processes might be involved which 
would utilize acids without resulting in growth. However, the fact that 
cell growth was better when more acid was absorbed is a good indication 
that lactic acid is assimilated by chlorella. 
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TABLE I 











CONCENTRA- ORGANIC CHLOROPHYLL 
NUMBER CELLS 
TION OF ACID ACIDS ~— os ha - CONTENT GRowTH 
AT START ABSORBED , y/ML. RATIO** 


P 
ME./ML.* ME./ML.* sppuabmtianeel OF SUSPENSION 





DURATION 





LACTATE 


.0012 .28 

.0030 .26 

.0035 39 

.0047 40 

Control .28 

15 Days 05 .0064 38 
10 .0072 A4 

Control 28 

23 Days 005 0042 35 
.05 .0157 71 

10 -0126 .67 

Control 32 

35 Days -005 -0046 39 
05 .0240 .88 

10 .0302 88 

Control .20 


PYRUVATE 
8 Days 001 .0008 30 
.005 .0026 41 
01 .0032 46 
05 -0046 49 
10 .0012 37 
Control .29 
16 Days 01 0058 55 
.05 -.0090 71 
Control .28 
24 Days 001 .0009 32 
.005 .0048 53 
.05 .0173 : 95 
10 .0115 .62 
Control .28 
38 Days 005 -0049 59 
01 .0097 .92 
.05 .0248 1.18 
10 .0208 59 
Control 26 


ACETATE 
8 Days 001 0009 540 41 
01 .0037 560 40 
.05 .0054 620 AT 
10 .0024 580 44 
Control 390 .29 
16 Days 05 0114 630 47 
10 0045 570 41 
Control 380 .26 
25 Days 001 .00096 530 .39 
.05 .0101 960 81 
10 .0135 710 56 
Control 420 .29 
36 Days 01 .0099 680 52 
.05 .0304 1550 1.09 
10 .0167 780 61 
Control 360 22 


* Me./ml. = milliequivalents per milliliter. 
** Growth ratio= number of cells in the nutrient solution + acid. 


number of cells in plain nutrient solution 
Growth ratio of the control = 1.0. 
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The chlorophyll concentration increased with the number of cells, but, 
as the growth period was lengthened, some variations occurred, indicating 
a definite tendency toward lower chlorophyll content. 

At first the increase in cell number was very slow. After the 15th day, 
the rate of cell division increased, but after the 35th day a yellowing of 
the cells was observed and no increase in cell number occurred. After 
about 50 days, the cells were colorless and clumped. As this phenomenon 
occurred with all the acids tried, it will be enlarged upon at the end of 
this section. 

Soprum pyruvatTe.—After 38 days in .05 M pyruvate, the cell number 
increased from 400 to 1640 cells per mm.* which represents a growth ratio 
of 4.1 (table 1). This growth ratio was not improved by increasing the 
growth time or by changing the concentration of pyruvate. A lower or 
higher concentration resulted in a decreased number of cells per mm.* 

With a concentration of .1 M pyruvate, the acid disappearance was 
.0208 after 38 days and the cell number was 950, while, with an .05 M 
concentration, the acid uptake was .0173 after 24 days and the cell number 
1250. Thus it seems that the disappearance of acid does not vary in pro- 
portion with, but only in the same direction as the cell number. 

It is possible that at higher concentrations (i.e., .1 M), the acid intake 
is not used for growth or that some toxicity occurs. This is indicated by 
the fact that the amount of chlorophyll is fairly well correlated with growth 
in all the concentrations except for .1 M, when there are only 59 y per ml. 
while there should be about 84 y. 

After 38 days, the cell number did not increase and the chlorophyll de- 
creased rapidly. After about two months, the suspension was nearly color- 
less. 

SopiuM ACETATE.—The utilization of acetate by chlorella for growth 
is shown in table I. It can be seen that .05 M is a concentration at which 
growth is optimum at all times. Lower and higher levels of acetate gave 
poorer growth. The chlorophyll content did not denote good correlation 
with the concentration of cells. Even for the maximum growth, the 
amount of chlorophyll was appreciably lower than normal (fig. 1). It 
should also be noted that a disappearance of acid from the culture solution 
occurred. This disappearance is closely related to growth. 

Between 26 to 28 days after inoculation, yellowing of the cells was ap- 
parent and after 36 days, no more growth was observed. After about 46 
days, the cells were colorless and clumped. 

SopiuM ACONITATE.—The results for aconitate, shown in table II, indi- 
cate that aconitate is utilized for growth. Chlorella was best adapted to 
the aconitate concentration of .04 M which gave a growth ratio of 2.97 after 
35 days. Above .08 M, the rate of growth decreased and, at approxi- 
mately .4 M, growth completely ceased. The chlorophyll content of the 
cells did not inerease proportionately with the increase of cells. For in- 
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stance, there were 51 y of chlorophyll for 640 cells after 25 days in .04 M 
aconitate and only 50 y of chlorophyll for 660 cells after 35 days in .02 M 
aconitate. 

Column 3 shows that acid disappearance is more highly correlated with 
the concentration of acid originally present in the suspension than with the 
amount of growth, although best growth occurred when more acid had dis- 
appeared. For instance, the best growth, 1160 cells, was obtained when 
the acid disappearance was at a maximum .0326. It is likely that a large 
part of the acid is either broken down through respiration or by some 
other processes rather than being utilized for food storage and growth. 

Sopium cCITRATE.—The maximum growth obtained when using citrate 
was 660 cells with a concentration of .02 M after 28 days (table II). This 
corresponded to a growth ratio of only 1.65 despite the fact that the acid 
disappearance from the nutrient solution was as high as ..0225 me./ml. 
As the growth ratio with citrate was consistently above 1, it must be con- 
eluded that citrate can be utilized by chlorella. 

It is important to note that the chlorophyll content did not increase in 
relation to cell development after 15 days of growth and that after 20 
days, cell development occurred with even some loss of chlorophyll. After 
28 days, cell counts remained constant but chlorophyll deereased and 
disappeared. At about 40 days, the cells formed a colorless mass. 

Sopium succINATE.—The data on the growth of chlorella obtained with 
succinate is presented in table II. The best growth, which was 700 
cells/mm.*, oceurred for a concentration of .02 M after 30 days. At that 
time the ratio of growth for the concentrations listed varied from 1.29 to 
1.67. This indicates that nearly as much growth was obtained for smaller 
concentrations of acid as when larger amounts were used. For example, 
.0212 me./ml. gave a ratio of 1.67 as compared with a ratio of 1.29 for 
.0092 me./ml. More than twice the amount of acid disappeared in the 
first case as in the latter. 

Similarly the chlorophyll obtained for .0092 me./ml. of acid disappear- 
ance was 39 y and only 53 y for .0212 me./ml. of acid disappearance. 
Consequently, although succinate was used for growth, it was not utilized 
efficiently. 

After 30 days, growth was very sparse and after 45 days, the cells 
formed a filamentous mass with signs of disintegration. 

SopriuM FUMARATE.—Seven days after inoculation, the number of cells 
reached 650/mm.* in .01 M fumarate and only 630/mm.* in .04 M (table 
III). However, after 33 days, the concentration in .01 M reached 840 
cells while .04 M fumarate gave 1100, its highest cell concentration. 

The amount of acid disappearance for the culture solution varied in 
the same direction as growth, but it must be observed that only a very 
small amount of acid disappeared for the highest fumarate concentration 
used (.0068 me./ml. for .08 M concentration after 33 days). This seems 
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TABLE II 
[ ste AT oer ae 
% CONCENTRA- ORGANIC CHLOROPHYLL 
DuRatio TION OF ACID ACIDS sa a CONTENT GROWTH 
bd al ATSTART | ABSORBED poo ot y/ML. RATIO** 
: ME./ML.* ME./ML.* OF SUSPENSION 
ACONITATE 
8 Days .06 .0062 410 .33 1.14 
12 .0076 530 40 1.47 
.24 .0085 560 42 1.56 
) Control 360 .28 
16 Days 12 .0094 580 43 1.53 
.24 .0126 600 45 1.58 
i Control 380 26 
25 Days 12 0147 640 51 1.68 
.24 .0158 620 47 1.63 
Control 380 .25 
35 Days 015 0082 490 39 1.26 
.06 .0164 660 50 1.69 
12 .0326 1160 81 2.97 
.24 .0287 890 .68 2.28 
Control 390 24 
CITRATE 
8 Days 015 0043 380 .30 1.00 
.06 .0057 540 43 1.42 
15 .0072 430 37 1.13 
.30 .0066 480 .39 1.26 
Control 380 .29 
15 Days .06 0115 600 45 1.58 
15 .0142 560 42 1.47 
Control 380 .29 
20 Days 015 .0052 400 26 1.00 
.06 .0186 660 45 1.65 
15 .0153 560 41 1.40 
.30 .0074 480 ol 1.20 
Control 400 .29 
28 Days .06 .0225 660 .40 1.65 
15 .0183 540 43 1.35 
Control 400 27 
SUCCINATE 
8 Days 01 .0038 460 37 1.07 
.04 .0046 480 38 1.12 
10 0062 520 42 1.21 ( 
.20 .0046 450 39 1.05 
Control 430 36 
15 Days 10 -0085 540 41 1,29 
.20 .0074 480 36 1.14 
Control 430 36 . i 
22 Days .04 .0124 620 .46 1.48 
.10 0116 560 44 1.33 
.20 .0164 520 39 1.24 
Control 420 .30 
30 Days 01 .0092 540 39 1.29 
.04 .0212 700 53 1.67 
10 .0234 600 44 1.43 
.20 .0263 580 44 1.38 
Control 420 .29 





* Me./ml. = milliequivalents per milliliter. 
** Growth ratio=number of cells in the nutrient solution + acid. 


number of cells in plain nutrient solution 
Growth ratio of the control = 1.0. 
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TABLE III 


CONCENTRA- ORGANIC a CHLOROPHYLL 
TION OF ACID ACIDS a wae CONTENT GROWTH 
ATSTART ABSORBED : y/ML, RATIO** 


ME./ML. ME./ML, SUSPENSION — oF SUSPENSION 














DURATION 





FUMARATE 
7 Days d 0046 
d .0040 
16 .0015 
Control 
14 Days .08 .0072 
16 .0037 
Control 
22 Days 08 .0234 
16 .0056 
Control 
33 Days 02 0127 
.08 .0365 
16 .0068 
Control 


7 Days -10 
.20 
Control 
14 Days 10 
-20 
Control 
24 Days 


33 Days 


Control 


BUTYRATE 

8 Days 05 .0024 
10 .0019 

Control 
15 Days -05 0043 
10 .0025 

Control 
25 Days 05 .0087 
10 .0080 

Control 
35 Days .005 .0037 
05 .0121 
10 .0102 

Control 


PROPIONATE 


8 Days 05 
10 

Control 
15 Days -05 
10 

Control 
25 Days .05 
10 

Control 

35 Days -005 

.05 
10 

Control 








* 
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‘to indicate that at this and higher concentrations, fumarate is not taken 


up by the cells. 

The amount of chlorophyll in the cells was fairly well correlated with 
the concentration of cells and also with the amount of acid disappearance. 

As in the case of previously mentioned acids, after a period of about 
33 days, growth ceased, yellowing of the cells was observed and at about 
48 to 50 days, the suspensions became eolorless. 

Sopium MALATE.—Table III gives the results obtained with malate. 
The best growth was obtained with a concentration of .05 M after a period 
of 33 days. The growth ratio at that concentration was 2.23. It is in- 
teresting to see that a malate concentration of .1 M gave a poorer growth 
than the lower concentration of .005 M. In fact after 24 days in .1 M, the 
growth was slightly better than at 33 days which is an indication that 
these cells become deficient in some substance essential for growth more 
rapidly than those in a lower concentration of malate or that some sort of 
toxicity sets in as the cells did not stop growing because of a lack of or- 
ganic acid. This is further brought out by the variations in chlorophyll 
content. After 24 days, the chlorophyll decreased for the cells in .1 M and 
inereased slightly in the cells grown in .05 M concentration. After 28 
days, yellowing was noticed in all the cultures and at about two months, 
most of the cells were discolored. No more growth was measured after 
33 days. 

It can be observed that less acid was used when there were 830 cells 
than at a cell concentration of 680. This may indicate that more acid was 
utilized in the second case for metabolic processes other than growth, as 
for instance, respiration. 

SopiuM BUTYRATE.—Butyrate is not an intermediate of the aerobic 
eycle in animal tissues. It represents, however, one of the first links of fat 
metabolism with carbohydrate metabolism (13). Myers (10) mentioned he 
had obtained some evidence that butyric acid was respired by chlorella. 
Hence, the possibility that butyrate might be assimilated for growth was 
signified and experiments were conducted with butyrate as with the organic 
acids listed. 

The results obtained for butyrate are shown in table III. Of all the 
concentrations used, .05 M consistently gave the best growth. Thirty-five 
days after inoculation, the cell number reached a maximum of 780/mm.* 
which represents a growth ratio of 2.05. The amount of acid disappear- 
ance was then .0121 me./ml. The cell count was 560/mm.° for cells grown 
in .1 butyrate. Hence at the highest concentration of butyrate shown, 
chlorella did not make very efficient use of the acid which it may have con- 
sumed in excessive respiration or other maintenance life processes. 

The chlorophyll content of the cells was generally low but followed a 
somewhat uniform trend. Yellowing of the cells occurred between 33 and 
40 days starting in the culture having the highest concentration of butyrate. 
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Growth ceased at about the same time and discoloration was complete after 
two months. 

SopruM PROPIONATE.—Propionate is not an intermediate of the aerobic 
eycle in animal tissues. Like butyrate, however, it is closely related to it 
through fat metabolism. 

Results obtained by adding propionate to the nutrient solution are re- 
ported in table III. The maximum growth ratio was 1.57 after 35 days in 
.05 M. Changing the concentration between .005 M and .1 M only resulted 
in a variation of growth of 1.17 to 1.57. However fairly large amounts of 
propionate, up to .0115 me./ml. disappeared from the nutrient solution. 
It is thus indicated that very little propionate was used for growth. As 
propionaie is often used as a mold inhibitor in the preservation of dairy 
products, it is possible that the low growth obtained in this ease is also 
due to toxicity. 

Growth which occurred until about 35 days ceased after that time. 
The chlorophyll content of the cells which was somewhat below normal de- 
creased rapidly after 35 days. After 43 days, the cells were nearly color- 
less and clumped. 

Use OF ACID MIXTURES.—The growth obtained with the various acids 
was poor when compared to the growth obtained with glucose. To cover 
the possibility that several acids together might give a better growth, many 
mixtures of acids were tried with a number of varied concentrations. The 
mixtures giving the most significant results are reported in table IV. 


TABLE IV 


GROWTH OF CHLORELLA WITH ACID MIXTURES 





NUMBER* 





MIXTURE 
NUMBER OF CELLS 


COMPOSITIONS OF THE MIXTURES 





.02 M Lactate + .02 M Pyruvate +.02 M Acetate+.01 M Aconitate 
+.01 M Succinate +.01 M Fumarate+.01 M Butyrate 1530 

.02 M Pyruvate + .02 M Acetate + .01 M Aconitate +.01 M Fumarate 1860 
.02 M Pyruvate + .02 M Aconitate + .02 M Citrate 760 
.02 M Pyruvate + .02 M Citrate+.02 M Malate 750 
.02 M Pyruvate + .02 M Succinate 710 
.02 M Aeconitate+.003 M Citrate+.02 M Succinate + .003 M Fuma- 

rate + .005 M Malate 480 
.003 M Aconitate + .005 M Citrate + .005 M Succinate 

+.02 M Fumarate +.01 M Malate 680 
.01 M Aconitate + .01 M Citrate +.01 M Succinate 

+.01 M Fumarate + .01 M Malate 550 


~ 


on a on * oo bo 





* Maximum number of cells per mm.’ of suspension obtained for each mixture. 


Maximum growths obtained in periods varying from 30 to 38 days are given 
here. Except for mixtures 1 and 2, which gave 1530 and 1860 cells respec- 
tively, all the mixtures containing pyruvate gave poorer results than pyru- 
vate alone, which gave 1640 cells. Mixture number 2 was the only mixture 
giving better growth than .05 M pyruvate. It is interesting to observe that 
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when citrate or succinate were present, growth was decreased, except for 
mixture number 1 containing .01 M succinate which gave a comparatively 
good growth. 

Although the acid mixtures did not give the expected growth results, 
they are at least indicative of the relative value of the acids when used 
together. 

. Discussion 


The relative value of the individual acids is further reviewed in table V 














TABLE V 
SUMMARY OF GROWTH RESULTS 
ORGANIC MOLAR CELL* GROWTH ORDER** 
ACID CONCENTRATION NUMBER RATIO NUMBER 
pS eee 0.10 1280 4.00 3 
IS Gonccrsccoolerinneen 0.05 1640 4.10 1 
(EE Rae Ueav es ents 0.05 1550 3.97 2 
eee 0.04 1160 2.97 4 
ne alld a eal ca 0.02 660 1.65 8 
Suceinate oon. 0.02 700 1.67 9 
RN 0.04 1100 2.56 5 
I en 0.05 980 2.23 6 
esterase tere 0.05 780 2.05 7 
Propionate ccc. 0.05 660 1.57 10 
ae)... 0.08 34500 88.46 
SN iixsnssinsed cue anes 380 1.00 





* Number of cells per mm.’ of suspension. 


** Order in which the acids gave the highest growth results after the maximum 
growth period. 


which shows the concentration of acid giving the best growth and also the 
maximum cell concentration obtained for each acid. 

Lactate was best utilized by chlorella at a concentration of .1M. All 
the other acids used gave best results at concentrations of .05 M or lower. 
Citrate and succinate gave the poorest growth although both of these acids 
were removed from the solutions in fairly large quantities. It was shown 
that the addition of citrate or succinate to the acid mixtures (table IV) had 
the effect of reducing growth. It is possible that these acids accumulate 
in chlorella and produce a toxic effect. 

There is still argument as to whether or not citrate lies in the main path 
of the aerobic cycle in animal tissues. Kress (4) who first suggested this 
eyele has very recently presented further evidence in favor of it (5). 
However WERKMAN and Woop (22) and other investigators have given 
data to the effect that citrate is the product of a side reaction of aconitate. 

The present results show that citrate is not utilized as rapidly as the 
other acids by chlorella and would therefore favor the second viewpoint. 
Normally citrate may be present in chlorella only in a very minute quan- 
tity and the amount of aconitase present may be too small to take care of 
a citrate accumulation. 
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In the case of succinate, however, it is difficult to speculate as to what 
is the cause of this low growth. Succinate is an intermediate in the aerobic 
cycle of animal tissues. If the cycle were similar in plants, suecinic acid 
should normally give the same effect as fumarate or malate. The results 
obtained here may signify that, in chlorella, succinie acid does not follow 
the path indicated in the tricarboxylic cycle. This would mean that the 
succinic acid step is by-passed and that another mechanism is available 
for the formation of some of the four-carbon acids. Succinie itself would 
be only a side product resulting from the condensation of twe pyruvates or 
two acetates, as occurs in bacteria. In that case, the explanation of the suc- 
cinic results would be similar to that given for citric acid. 

It has been shown that after a period varying from 30 to 45 days, de- 
pending upon the acid used, cell division stopped in all the cultures. Tests 
for acid remaining in the nutrient solutions, made at different times be- 
tween 30 and 50 days, show that all solutions of more than .01 M at the 
start still had a fairly large amount of acid left and that the acid continued 
to decrease but at a slower rate. After the death of the cells, some esterifi- 
eation of the acid or other chemical changes may take place which would 
account for the decrease of acid in the solution. This esterification could 
also occur before growth ceased due to the death of cells even while growth 
is occurring. 

It was observed that the decrease in chlorophyll content was noticeable 
at least a few days before growth stopped. Whether this is an early indi- 
cation occurring due to the cessation of growth or whether it was a cause of 
it was not determined. That the time at which chlorella stopped growing 
is similar for all the acids would indicate that some essential factors are 
being used which are not resynthesized in the dark when acids are the sole 
source of energy, although they are in the presence of glucose. As glucose 
has an energy level much higher than that of the acids used, this may be a 
plausible explanation. The growth of plants without chlorophyll would 
eliminate chlorophyll as a primary factor. 

It is also possible that some elements become unavailable through 
changes in pH. The pH were tested on several occasions but the changes 
were not significant enough to prevent the growth of chlorella as chlorella 
has a fairly large range of pH. The growth ratio with glucose was 88.46 as 
compared with 4.10, the highest ratio reached with any of the acids (pyru- 
vate). However, all ratios were above 1. It can be concluded that although 
the organic acids used are extremely poor materials for chlorella growth, 
they are all assimilated in various degrees in the probable order given in 
table V. 

The reversibility of the cycle of metabolism in plant tissues has been a 
very debated subject. That plants are capable of converting certain or- 
ganic acids into carbohydrates has been mentioned on several occasions in 
the literature. For instance, in 1905, Tresoux (17) found that the growth 
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of chlorella in light was better with butyric or with lactic acid than with 
the control containing no acid. Lworr and Dusi (6) found that acetate 
was a satisfactory source of carbon for the growth in the dark of some spe- 
cies of Flagellata. According to RapinowircH, (12) SABaLiTcHKA and 
Weuine (15) found that Elodea canadensis also can form starch from 
acetaldehyde in the dark. 

In the present experiments, the fact that definite growth is due to the 
presence of the organic acids indicates that they are used by chlorella as a 
source of carbon. As the acids are also functional in the aerobic path of 
carbohydrate metabolism in animal tissues, it is justifiable to suggest that 
the aerobic path of carbohydrate metabolism in chlorella is similar along 
certain broad lines to that of animals. Obviously since the death of chlorella 
occurred after a limited time, an additional source of energy which may be 
supplied in the form of glucose or exposure to light, is necessary for indefi- 
nite proliferation. 

Fat accumulation in chlorella has been noted by several investigators 
(9). The assimilation of butyrate and propionate also indicates that a fat 
metabolism connected with the aerobic carbohydrate cycle takes place. 


Summary 


Organic acids, known to exist as intermediates in the path of carbo- 
hydrate metabolism of most animals and bacteria, were supplied in the 
dark to the green alga, chlorella and its growth was studied with a view 
toward elucidating the respiratory mechanism. 

The acids included lactic, pyruvic, acetic, cis-aconitic, citric, succinic, 
fumarie and malic. Acids not listed above but occurring in the aerobic 
eycle of carbohydrate metabolism were not available. Butyrie and pro- 
pionie acids which are involved in fat metabolism were also used in these 
experiments. 

Growth continued for a limited length of time but was much slower 
than that supported by glucose. It was affected by the particular acid used 
and by the concentration. 

The approximate relative order of assimilation of the acids by chlorella, 
the concentration of each acid producing the highest number of cells, and 
the order of magnitude (ratio) of growth have been reported. 

As the taxonomically unclassified species of chlorella studied was able to 
utilize for growth without light the organic acids tested, it may then be 
inferred that chlorella can build reduced compounds such as carbohydrates, 
proteins and fats for a limited time without a photochemical reaction. 


The author wishes to thank Professor Lewis Knudson for his helpful 
advice and suggestions during this investigation. 


DEPARTMENT OF BOTANY 
CORNELL UNIVERSITY 
ITHACA, NEW YORK 





aI Be 





"eit eae 


} 








. 
6 


A nS 


INUIT OTT 


} 


PLANT PHYSIOLOGY 


LITERATURE CITED 


. Comar, C. L., and Zscuemez, F. P. Analysis of plant extracts for 


chlorophylls a and b by a photoelectric spectrophotometric method. 
Plant Physiol. 17: 198-209. 1942. 


. CrarK, D. G. Cornell Univ. Personal communication. 1948. 
. FuetscHer, W. E. The relation between chlorophyll content and rate 


of photosynthesis. J. Gen. Physiol. 18: 573-597. 1935. 


. Kress, H. A. The role of citric acid in intermediate metabolism in 


animal tissues. Enzymologia 4: 148-156. 1937. 


. Kress, H. A. The tricarboxylic acid cycle. Harvey lecture series. 


New York Academy of Medicine. March 1949. 


. Lworr, A., and Dusi, M. La nutrition azotée et carbonée de Chlorogo- 


nium euchlorum 4 l’obseurité; l’acide acétique envisagé comme 
produit de l’assimilation chlorophylienne. Compt. Rend. Soc. 
Biol. 119: 1260. 1935. 


. MaLacHowskI, R., and Mastowsk1, M. Ber. 61. B: 2521. 1928, in 


Umpsrert, W. W., Burris, R. H., and Staurrer, J. F. Manometric 
Techniques. Burgess Pub. Co., Minneapolis, Minnesota. 1947. 


. MAnpbeELs, G. R. A quantitative study of chlorosis in chlorella under 


conditions of sulphur deficiency. Plant Physiol. 18: 449-462. 
1943. 


. Meyers, J. Culture conditions and the development of the photosyn- 


thetic mechanism. III. Influence of light intensity on cellular 
characteristics of chlorella. J. Gen. Physiol. 29: 419-427. 1946. 


. Meyers, T. Oxidative assimilation in relation to photosynthesis in 


chlorella. J. Gen. Physiol. 30: 217-227. 1947. 


. PucHeEr, G. W., Leavenwortn, C. 8., Ginter, W. D., and VICKERY, 


H. B. Studies in the metabolism of crassulacean plants: The ef- 
fects of temperature upon the culture of excised leaves of Bryo- 
phyllum calycinum. Plant Physiol. 23: 123-132. 1948. 


. RasinowitcH, E. L. Photosynthesis. Vol. I. Interscience Pub., New 


York. 1945. 
RITTENBERG, D., and BLocu, K. The utilization of acetic acid for fatty 
acid synthesis. J. Biol. Chem. 154: 311-312. 1944. 


. Rosertson, W. B. The preparation of sodium pyruvate. Science 96: 


93-94. 1942. 


. SABALITCHKA, T. and WeimpLine, H. Biochem. Z. 172: 210. 1926. 
. Siveris, C. P., Youne, H. Y., and Cuun, H. H. Q. Diurnal changes 


and growth rates as associated with ascorbic acid, titratable acidity, 
carbohydrate and nitrogenous fractions in the leaves of Ananas 
comosus (L.) Merr. Plant Physiol. 23: 38-69. 1948. 

TrEBouXx, O. Einige Stoffliche Einfliisse auf die Kohlensaure Assimila- 
tion bei Submerzen Pflanzen. Flora. 92: 49-76. 1903. 





18. 


19. 


21. 
22. 


ENY: RESPIRATION STUDIES ON CHLORELLA 495 


Van SiyxkeE, D. D., and Paumer, W. W. Studies of acidosis. XVI. 
The titration of organic acids in urine. J. Biol. Chem. 41: 567- 
585. 1920. 

Vickery, H. B., Pucner, G. W., Wakeman, A. J., and LEAVENWoRTH, 
C. S. Chemical investigations of the tobacco plant. VI. Chemi- 
cal changes that occur in leaves during culture in light and in 
darkness. Connecticut Agr. Expt. Sta. Bull. 399. 1937. 

Wann, F. B. The fixation of free nitrogen by green plants. Amer. 
Jour. Bot. 8:1. 1921. 

Warsure, O. Biochem. Z. 177: 471. 1926. 

WeERKMAN, C. H., and Woop, H. G. On the metabolism of bacteria. 
Bot. Rev. 8: 1-68. 1942. 





LE EIOTE 





g 
& 








% 
- 
é. 


Vv HE 


Ridili anion 





MINERAL COMPOSITION OF CHLOROTIC ORANGE LEAVES AND 
SOME OBSERVATIONS ON THE RELATION OF SAMPLE 
PREPARATION TECHNIQUE TO THE INTER- 
PRETATION OF RESULTS 
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Received March 16, 1950 


Certain types of chlorosis of leaves of green plants are universally at- 
tributed to deficiencies or unbalanced conditions of one or more of the es- 
sential mineral elements. Agreement does not always exist, however, as to 
whether a specific type of leaf-symptom pattern is related to total content 
of the deficient element or only to a specific fraction of it. This is particu- 
larly true of the presumed deficiencies of iron and zine where sample selec- 
tion, contamination, and poor precision of analytical procedures are all 
complicating factors. An extensive review of all previous work is beyond 
the scope of this report. Jacosson (8) and LinpNEeR and Haruey (10) 
point out some of the more pertinent discrepancies with respect to iron con- 
tent and iron chlorosis. More recently McGeorge (11) reports the lack 
of any apparent relationship between total Fe or Zn and the appearance of 
the specific deficiency symptoms for these elements in citrus, pear, and sey- 
eral other plants. Other studies have occasionally shown this same result 
in the case of Fe; but Jacosson (8) found that surface contamination was 
a factor of major importance in producing discrepant results. When pear 
leaves from trees grown in calcareous soil were carefully washed in dilute 
HCl, a correlation was found between the low total Fe values found and 
the iron chlorosis shown. BENNETT (1) confirmed this observation with 
further studies, although he found a stronger relationship of chlorosis to 
an acid-soluble, or ‘‘active’’ Fe fraction than to the total. In Florida 
(6), New Zealand (7), and elsewhere citrus trees showing typical zine de- 
ficiency symptoms have been found to contain less total zine in their leaves 
than leaves from healthy trees. 

In Florida when the acidity of the topsoil of the Lakeland and related 
series drops below pH 5.0 (between 4.5 and 5.0) for a considerable length 
of time, citrus trees may become unthrifty in appearance, sparsely foliated, 
and show typical iron-chlorosis leaf patterns. This interveinal chlorosis 
condition strongly resembles the lime-induced iron chlorosis pattern (2) 
and that associated with poor drainage. Exploratory tests in small con- 
tainers showed that reducing the acidity by treatment with the carbonates 
of Ca, Na, or K (or extracting the soil with NH,-acetate) all resulted in 
the disappearance of this symptom in young citrus seedlings. In connec- 
tion with this general problem, some analyses were made to determine the 
mineral composition of leaves from trees affected with this type of chloro- 
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sis. This led to preliminary tests on the preparation of leaf samples for 
analysis. Several methods of washing were compared, and these were 
found to influence the apparent concentration of some of the elements 
present in small amounts. ‘Total iron was found to be consistently lower 
in chlorotic leaves than in green leaves when both were carefully cleansed. 

This report is concerned with the mineral composition of leaves from 
orange trees affected with this particular type of acid-soil chlorosis, and it 
gives certain information about sample preparation. 





Materials and methods 





Preliminary tests showed that, at least for the macro-nutrient elements, 
only minor variations in composition existed among the several leaves pro- 
duced on a twig when a flush of growth occurred. This finding afforded 
an easy means of preparing several samples of whole leaves having almost 
identical composition. A number of twigs were harvested and samples 
were prepared in such a way that each twig contributed one leaf to each 
sample. By selecting twigs with leaves of uniform size, 6 to 8 reasonably 
identical samples were prepared for comparison of different washing treat- 
ments. 

The washing treatments used were: (1) Wiped with moistened cheese- 
cloth, (2) scrubbed with a fiber-bristled hand-brush in tap water, (3) 
scrubbed in 0.3N HCl, (4) scrubbed in a detergent’ solution for different 
lengths of time, and (5) scrubbed in a detergent solution that was acidu- 
lated to 0.3N with HCl. All washing solutions were made with tap water. 
Each sample was rinsed in running tap water and in four separate dis- 
tilled water baths. The drying, grinding (in a semi-micro Wiley mill 
equipped with a nickel-coated screen), storage, and analysis were all car- 
ried out as previously described (13, 14). Iron determinations made by 
standard chemical procedures on the 32 samples summarized in table Il 
agreed closely with the spectrographic values listed. 

In order to ascertain the amount of contamination contributed by the 
use of the Wiley mill, six samples were crushed manually with a porcelain 
mortar and pestle. These samples are compared with matched samples 
that were ground in the mill. One set of samples was collected from trees 
that had been sprayed with Cu and Zn to give some measure of the efficacy 
with which these elements could be removed. Four samples of picked 
leaves were sprayed with a ferrous sulphate solution containing hydroxyl- 
amine and Dreft and allowed to dry for 30 minutes before washing. This 
spray mixture showed some greening response when sprayed on chlorotic 
leaves on the trees. 





1Dreft, a commercial ‘‘soapless’’ washing powder (sodium lauryl sulphate) was 
the only detergent tried. CHAPMAN et al. (4) suggest using Ivory soap, and BENNETT 
(1) states that a ‘‘detergent’’ is efficacious in removing dust residues from pear leaves. 
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Results and discussion 


Iron was assumed to be a general surface contaminant and was used as 
an indicator of efficacy of washing in initial tests. Since nearly all citrus 
leaves have on them visible dust particles, no samples were analyzed with- 
out some washing treatment. One of the initial tests was to take twigs of 
growth from a mature seedling orange tree that appeared to be ‘‘normal’’ 
and form samples as described above. Duplicate samples were scrubbed 
with tap water, in 0.3N HCl, and in Dreft suds. The following total iron 
values were found respectively: 125, 155; 61.4, 62.8; and 47.5, 46.9 p.p.m. 
The detergent wash seemed somewhat superior to the acid wash and both 
were effective in greatly lowering the apparent iron concentration in the 
leaves. Since these values were lower than most of the published values 
for healthy leaves of tree crops, it was felt worthwhile to repeat the test 
on leaves that showed the iron-chlorosis pattern, taken from trees on very 
acid soil. In addition to the three treatments just described, one sample 
was wiped carefully with water-moistened cheesecloth, and two additional 
periods of detergent washing were included. The same strength of de- 
tergent wash was used for all three periods. One set of severely chlorotic, 
one set of mildly chlorotic, and two sets of green samples were taken from 
trees all in a small area of an orchard (Hamlin orange on Rough lemon 
roots). The leaves were mature when collected in December 1946. Table 
I shows the results, which are not entirely consistent. Scrubbing in water 
seems to have removed a larger proportion of the surface contamination 
from green leaves than from chlorotic ones. The acid wash was not su- 
perior to water alone on the green leaves, but appeared to be so on the 
chlorotic leaves. The detergent-washed leaves tended to become slightly 
lower in iron content with prolonged washing; but did not differ from each 
other significantly. This would indicate that the leaching out of internal 
leaf-iron was probably not a factor in these tests. The correspondence 
between the degree of greenness and total Fe content of the detergent- 
washed samples is striking. 

Another collection of leaves from the same orchard was made during 
the rainy season of 1947. About 4-month-old leaves were collected on June 
16. Two samples of mildly chlorotic leaves and two samples of green, each 
with 15 leaves, were given the washing treatments indicated in table I, 
with two added treatments, one in which it was desired to see if freshly 
applied iron could be removed and one in which the detergent was acidu- 
lated with HCl. The samples were analyzed for 11 mineral elements 
(table Il). The similarity in composition of samples matched in the man- 
ner described is apparent. The only elements affected by the washing 
treatments were Fe, Al, Cu, and Na. There was apparently very little 
external matter on these leaves, which was probably due to the washing 
of the rains. The lowest Fe values were again found with the detergent- 
washed leaves. The behavior of Al, in respect to washing treatment, was 


pe 


1 


eee Se! @ 


fe AS 8 PED 


~ 
4 
a 


HINMWOMSrrYy ne 








SMITH ET AL.: MINERALS IN CHLOROTIC ORANGE LEAVES 499 


identical to that of Fe. Copper likewise was lower in the leaves that were 
washed with the detergent, although some slight irregularities exist in the 
green-leaf series. Sodium and Fe apparently entered the leaves of the 
sprayed groups, as they averaged substantially. higher for both of these 
elements. Likewise Na was found to increase with increase in time of de- 
tergent washing in the case of chlorotic leaves (the detergent contains Na). 
Green leaves were not significantly affected in this respect. The chlorotic 
leaves were significantly higher than the green leaves in N, P, K, and Na 
and lower in Ca, Mg, Fe, Mn, Cu, and B. Both types of leaves showed 
the same Al content. 

A comparison of the proportion of each of these elements found in the 
leaves of a healthy Pineapple orange orchard on the same soil type, with 
the pH maintained above 5.0, can be seen in table III. The samples in- 
volved in this case were collected about three weeks later in the same year 


TABLE I 


THE EFFECT OF DIFFERENT METHODS OF WASHING ON THE APPARENT IRON CONTENT* OF 
HAMLIN ORANGE LEAVES 








WIPED 





0.3N DREFT 
CONDITION WITH H,O HCl 
OF LEAVES CHEESE- 3MIN.** .) 
CLOTH IN. 1MIN. 3MIN. 6MIN. MEAN 

Severely chlorotic ........ 68.5 44.6 26.2 13.6 12.8 10.7 29.4 
Mildly chlorotic .... 66.3 59.4 35.6 36.0 35.0 33.8 44.4 
Green A ...... neipelieitsigoaid 125.1 51.6 51.2 44.9 42.1 40.2 59.2tt 
See 87.5 53.9 51.7 52.4 49.0 44.2 56.4t t 
BI saci apecccpntrentrtnts 86.8 51.9tt 41.2tt 36.5tt 34.7tt 32.2tt 








* P.p.m, Fe on oven-dry basis (50° C). 
** Entire sample in contact with washing medium for three minutes. During this 


time each leaf was scrubbed on both surfaces with a small wooden, fiber-bristled hand- 
brush. 


t Difference from first mean is significant at odds greater than 19: 1. 
tt Difference from first mean is significant at odds greater than 99: 1. 


as those in table II. The most striking differences are the low Fe and Mn 
values found in the leaves from the orchard showing chlorosis. Again de- 
tergent washing resulted in lower Fe and Cu values than did the acid 
washing. 

One washing test was made on leaves from old sweet seedling trees that 
were showing partial recovery from the acid-soil injury. Lime applica- 
tion had been made several months previous to sampling, and the chlorosis 
pattern was difficult to find. A few weeks before sampling the orchard 
was sprayed with « mixture containing CuSO,, ZnSO,, and hydrated lime. 
The leaves collected showed a very faint chlorotic pattern with the veins 
slightly greener than the interveinal areas. Triplicate samples were 
treated as shown in table IV. Zine was determined in addition to the 
other trace elements already mentioned. 

It is apparent that grinding these samples in the mechanical mill had 
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little or no influence on the concentration of these elements. The most 
efficacious washing treatment for the several elements involved is the com- 
bination of the detergent and acid. Iron was just as efficiently removed 
by the detergent alone. Copper and Zn were apparently partially re- 
moved by acid and partially by the detergent, since each of these removed 
substantial amounts of these elements and the lowest reproducible level 
was obtained with the acidulated-detergent washing. It is not possible to 
conclude, however, that the amounts of these elements remaining after 
washing are totally within the leaf. Although the proportion of Cu was 
greatly reduced by the acidulated-detergent wash, it seems unlikely that 
the remaining Cu was all internal. If so, it is from five to 10 times the 
concentration usually found in normal, unsprayed citrus leaves (13). 
Zine, especially under sand culture conditions, frequently occurs in 


TABLE IV 


A COMPARISON OF THE APPARENT COMPOSITION OF SPRAYED* ORANGE LEAVES IN RESPECT 
TO CERTAIN MICRO-ELEMENTS AFTER VARIOUS WASHING AND GRINDING** TREATMENTS 


P.P.M. IN DRY LEAVES 
SAMPLE TREATMENT 


ba 
= 
- 
= 


Cu B Na Zn Al 


Wiped with moist cheesecloth .. 
Serubbed in tap water ............... 

Serubbed in 0.3N HC! ...... 

Serubbed in Dreft 20.0... 
Serubbed in Dreft (NG) ........ 

Serubbed in Dreft +0.3N HCl olgsllaasiten 
Serubbed in Dreft+0.3N HCl (NG) ... 


0.05 : 
L.8.D. between any two values } 0.01. 69 


209 169 513 208 133 
237 157 466 202 109 
125 160 480 79 =: 133 
107 154 5138 100 76 
108 160 482 115 87 
67 165 517 62 65 
65 161 488 59 62 
46 NS. NS. 44 15 
644 NS. NS. 61 21 


DO DO DO DO DO bo bo 


POLS ISPS Sa | 
PO 1 we CO WW | 


* Old sweet seedling trees sprayed with a nutritional spray containing copper and 
zinc a few weeks before sampling. 

** All samples were ground in a semi-micro Wiley mill with a nickel-coated screen, 

except the two treatments marked (NG), which were pulverized in a porcelain mortar. 


amounts from 50 to 100 p.p.m. It is possible, therefore, that the 60 p.p.m. 
found after the most drastic washing is largely absorbed Zn. Healthy 
leaves from commercial orchards, however, usually vary only from 20 to 
40 p.p.m. (12). It appears doubtful that leaves previously sprayed with 
materials containing Fe, Cu, or Zn can be satisfactorily used for diagnos- 
tic purposes for these particular elements. 

Manganese is inconsistent. Of several tests over the past few years, 
this is the only time that this element has been affected by washing treat- 
ment. It appears that some Mn contaminant was in the spray mixture, 
and this was affected by washing in much the same way as Fe. 

Aluminum, under these conditions, did not behave in quite the same 
way as Fe. The spray appears to have influenced its removal in some way. 
The lowest values were obtained with the acidulated-detergent washing 
treatment. 
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The external contamination that we are most concerned with comes 
from colloidal particles, since sprayed leaves are usually avoided for trace- 
element analysis. Iron, Al, and Cu (perhaps Zn also) apparently are con- 
tributed by dust deposits on leaves. In the absence of spray residue, these 
elements appear to be removed as efficiently by the detergent alone. 

Citrus leaves are glabrous and waxy and probably are capable of with- 
standing a more rigorous washing treatment than would more succulent 
leaves. It is possible that some mobile elements might be lost by leaching 
if the leaves become ‘‘ waterlogged’’ with the detergent solution. With in- 
tact citrus leaves 8 to 10 minutes are required before internal wetting is 
evident. No evidence of leaching of even such a mobile ion as K has been 
found in the present studies, with six minutes as the maximum length of 
time that the leaves were in contact with the washing medium. 

By carefully washing leaves of pear, corn, and tobacco in 0.3N HCl, 
Jacosson (8) found a relationship between total iron and chlorophyll con- 
tent. It is apparent from the present work that with citrus the action of 
a detergent is usually more efficient than acid when the leaves are thor- 
oughly scrubbed on both surfaces. 

McGeoree (11) recently found total Fe values ranging from 75 to 366 
p-p.m. in Arizona citrus leaves of several varieties. Most values were 
greater than 150 p.p.m. No mention was made of a washing treatment for 
removal of external contamination. No difference existed between the 
green and chlorotic samples. The Mn values were all relatively low in 
comparison with those found with leaves from other citrus areas (12), and 
ranged from 10 to 32 p.p.m. The suggestion is made that the Mn de- 
ficiency pattern may be in reality an Fe toxicity condition. 

In connection with a general survey of the composition of orange leaves 
from different localities, the present authors (12) collected 17 samples of 
newly matured leaves from different orchard locations in Arizona. These 
were rigidly selected for age, washed in Dreft solution, and handled in our 
regular procedure. The Mn values obtained were almost identical with 
those found by McGeorge. They ranged from 7 to 34 p.p.m. The total 
Fe values, however, were all quite low. One sample of leaves showing the 
iron chlorosis pattern showed 18 p.p.m. Fe. The over-all range of iron 
values for the 17 samples was only from 18 to 47 p.p.m. total Fe. 

This wide discrepancy in Fe content along with others, such as the re- 
ported values for citrus in Florida (5) and California (3), leads to the 
suggestion that surface contamination has not received proper attention. 
Tron also increases with leaf age (15). In general, it seems possible that 
conclusions in regard to total Fe and iron-chlorosis and other Fe functions 
might become more harmonious if greater consideration were given to age 
of leaves sampled and removal of surface contamination. 

From comparison with previous work (3, 12) it would appear that Fe 
and Mn are both present in inadequate amounts for proper leaf function 
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in the chlorotic leaves grown under highly acid soil conditions. Observa- 
tions indicate that extensive root damage is associated with this type of tree 
condition. This would seem to indicate that the availability of either of 
these elements is not the primary cause of the disorder. The real cause is 
not yet understood but may be some toxic reaction which damages or kills 
most of the small feeder roots. Under these conditions Fe and Mn ab- 
sorption, or translocation, is apparently depressed to the point that the 
leaves are inadequately supplied. 

In regard to the general mineral composition of leaves low in total le 

and showing the iron-chlorosis pattern, the present results show increased 
K and lowered Ca in comparison with green leaves. Since this has been 
quite generally found with other plants, CHapMAN (4) recently predicted 
that the same relationship would prevail in citrus. He further points out 
that all other known mineral-nutrient deficiencies that have been examined 
(except K) induce this same result. Higher N percentage in Fe-chlorotic 
leaves apparently is not widely recognized with the tree crops, although it 
was noted in relation to mottle-leaf (zine deficiency) in California (9) and 
in leaves with lime-induced chlorosis in Arizona (11). The increased P 
and lowered Mg observed in chlorotic leaves in the present study are varia- 
tions that were not found in the lime-induced chlorotic citrus leaves in 
Arizona (11). 
‘ There seems to be an over-all similarity between the composition of 
citrus leaves showing the ‘‘iron-chlorosis’’ pattern whether it occurs in 
acid soil, caleareous soil, or poorly drained soil. Iron and manganese 
both appear to be unusually low in such leaves. For example, a sample of 
Valencia orange leaves obtained in Texas and showing ‘‘iron-chlorosis”’ 
symptoms contained 11.6 p.p.m. of Mn and 40 p.p.m. of Fe (12). Like- 
wise, a leaf sample obtained in Arizona representative of Valencia oranges 
associated with overirrigation (11) contained 18 p.p.m. of Fe and 8.5 
p.p.m. of Mn (12). The deficiency pattern was the same. Therefore, it 
appears that with the disorders of tree crops called ‘‘iron chlorosis’’ or 
‘‘lime-induced chlorosis,’’ consideration should be given to manganese as 
well as to iron nutrition. 


Summary 


Leaves from orange trees on highly acid soil that were in a chlorotic 
and unthrifty condition were used as test material for studies on prepara- 
tion of samples of leaves for analysis. Eleven chemical elements were de- 
termined. The various treatments tried for removing surface contamina- 
tion consisted in wiping both surfaces with moist cheesecloth, scrubbing in 
tap water, in HCl, in a neutral detergent (Dreft), and in an acidulated 
detergent solution. The surface contaminants consisted chiefly of natural 
clay and organie dust particles, although a few tests were made with leaves 
sprayed with Fe, Cu, and Zn. 





SMITH ET AL: MINERALS IN CHLOROTIC ORANGE LEAVES 505 


With unsprayed leaves total Fe, Al, and Cu were reduced to minimal 
values by scrubbing in a neutral detergent solution, followed by adequate 
rinsing. Sodium was absorbed from the detergent solution by chlorotic 
leaves but not by healthy ones. No other element tested was influenced. by 
washing treatment. 

With leaves that were sprayed with Cu and Zn in the presence of lime, 
acidulated detergent solution consistently gave the lowest analytical values 
for these elements. There is some doubt, however, that such treatment 
completely removes surface contaminations of this type. 

Grinding the leaf samples in a mechanical mill did not appreciably -in- 
fluence the composition in regard to the elements determined. 

Total iron of the leaves cleansed with the detergent showed a strong 
inverse relationship to the degree of iron chlorosis. Severely chlorotic 
leaves showed from about 10 to 15 p.p.m. total iron; mildly chlorotic leaves 
from about 18 to 30 p.p.m. iron; and non-chlorotic leaves from about 35 to 
100 p.p.m. Newly matured leaves from healthy orange trees usually show 
from 50 to 70 p.p.m. The chlorotic leaves also had an abnormally low 
Mn content. 

The general composition of these chlorotic orange leaves and the need 
for greater emphasis on sampling methods and preparation of samples for 
analysis are discussed. 


DIVISION OF FRUIT AND VEGETABLE CROPS AND DISEASES 
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GENERAL USES AND METHODS OF THERMISTORS IN TEM- 
PERATURE INVESTIGATIONS, WITH SPECIAL REFER- 
ENCE TO A TECHNIQUE FOR HIGH SENSITIVITY 
CONTACT TEMPERATURE MEASUREMENT 


ROBERT B. PLATT AND JAMES N. WOLF 
(WITH THREE FIGURES) 


Received March 16, 1950 


The thermistor (thermally sensitive resistor) provides a readily avail- 
able instrument for temperature measurement and control inherently su- 
perior to instruments now in use. It is small, inexpensive, and yet highly 
sensitive to changes in temperature. Though widely used in industry and 
in the physical sciences, it has had but limited use in academic biological 
research. 

This paper indicates some general properties, applications and methods 
of use of thermistors to investigations of temperature relationships, and 
describes a technique using a thermistor for high sensitivity contact ther- 
mometry. 

Thermistors are sintered mixtures of specially prepared metallic oxides, 
which, when modified in suitable form with platinum alloy wire leads and 
arranged in a circuit, constitute semi-conductors whose electrical resistance 
varies rapidly with temperature. When the logarithm of the resistance is 
plotted against temperature, the calibration curve obtained may be con- 
sidered as a straight line over small temperature intervals. Cireuit de- 
signs for direct temperature indication may utilize ohmmeter or wheat- 
stone bridge types. Forms technically suited to physiological thermometry 
include beads, rods, dises, and probes. Their temperature coefficients at 
25° C vary from —3.4 to —4.4%/C°, their thermal time constants in still 
air from 1 to 70 seconds, their dissipation constants in still air from 0.1 to 
10 mw /C°, and their maximum temperature from 100—-300° C. (Thermis- 
tor Information Sheet: Physiological Thermometry, Issue 2, February 3, 
1947; Western Electric Company. ) 

The chief advantage of a thermistor over either a thermocouple or a 
platinum resistance element is in its greater sensitivity, which permits the 
use’ of a more rugged and less expensive external indicating equipment. 
Two additional advantages of a thermistor over a thermocouple are: (1) 
its high impedance eliminates for practical purposes resistance problems 
in circuit design, thus permitting any length lead wires and (2) there is 
no need for a junction maintained at a reference temperature. 

Thermistors have a wide variety of applications. While some of the 


1A contribution from the Department of Botany of the University of Pennsylvania. 


507 




















Yia5 


VARA? tipo arsre 


neTe 


PIKE mOoTTy He 


508 PLANT PHYSIOLOGY 


uses given here are not directly related to ecological investigations, the 
methods employed do provide positive suggestions for the development of 
techniques in this field. Brecker, GREEN, and Pearson (1) have reviewed 
the basic properties and uses of thermistors. Some of the principal char- 
acteristics of presently available types of thermistors and information on 
their application to design problems by specific examples from industrial 
uses have been given by Doweui (4). In this paper Dowell lists eleven 
basic thermistor applications. Under the basic heading of thermometry he 
includes temperature measurement, control and compensation, calorimetry, 
and temperature alarm devices, while under the heading of radiation ther- 
mometry he lists their use in bolometers, pyrometers, and infrared spec- 
trometers. A remarkable example given for the latter group is the infra- 
red bolometer developed during the war that utilized a flake form of ther- 
mistor so sensitive that it could detect the warmth of a human being a 
quarter mile away. 

Thermistors have been used for body temperature measurements of 
animals and man. WILLIAMs and THompson (7) used a dise thermistor 
in a moulded plastic holder for obtaining a continuous record of body tem- 
perature in man from the external auditory canal. DruMMETER and 
Fastiz (5) developed a field instrument for the intravenous measurement 
of animal blood temperature in the vicinity of the heart, by using a 1 mm. 
diameter thermistor bead mounted on the end of a 5-French catheter. 
BENJAMIN and HozvatTH (2) devised a means for mounting a 0.4 mm. 
diameter thermistor bead in catheters so small that they could be in- 
serted through 19 gauge hypodermic needles for continuous temperature 
measurements in human joints, or used directly for intracardiae and in- 
travascular observations. 

CoLMAN and HeEnprrix (3) have used a thermistor as the sensing ele- 
ment in a fiberglas unit which, though primarily used for measurement of 
soil moisture, will indicate temperature. A technique for the application 
of thermistors to water thermometry and limnological investigations has 
been given by PLatr and Suoup (6). 

In the spring of 1947 an inexpensive instrument was needed to obtain 
high sensitivity contact temperature measurements in the field. A West- 
ern Electric Model D170575 thermistor, with lead wires attached on op- 
posite sides of the bead, was decided upon. A subsequent model, V597, 
with lead wires attached on the same side, is easier to mount for this kind 
of measurement. The model used is a 0.4 mm. diameter glass coated 
spheroid with two 0.025 mm. diameter platinum alloy leads. It has a tem- 
perature coefficient at 25° C of —3.4% /C°, a thermal time constant in still 
air of approximately 1 second, a dissipation constant in still air of 0.1 
mw/C°, and a nominal resistance at 25° C of 2000 ohms. 

The 0.025 mm. diameter leads were connected into the circuit by means 
of 0.5 mm. inside diameter nickel alloy tubing cut into convenient lengths. 
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(Nickel alloy tubing, temper #1, O.D. 0.0315”, wall thickness 0.012”, 
Superior Tube Company, Norristown, Pennsylvania.) Each thermistor 
lead was crimped into one end of a tube while the heavier circuit wire 
was soldered to the other end. 

In designing a suitable mount for these tiny thermistors it is desirable 
that the material used have minimal thermal conductivity, high insulating 
quality, be easily applied or removed, be tough and durable, and have high 
adhesive properties. The material finally decided upon was a nitro cellu- 
lose cement known as Lamac-weld, used commercially for attaching re- 
soles to shoes without the aid of nails or stitching. (Lamac-weld Water- 
proof Cement, Lamac Process “Company, Erie, Pennsylvania.) This 
cement is soluble in acetone, can be applied smoothly in coats of not over 
0.01 mm. in thickness, is transparent when dry, and has a very low ther- 
mal conductivity. When a heat differential in excess of 40° C was ap- 
plied to a mounting of this material 1 em. posterior to the sensing element, 
no change in the element resistance was observed within two minutes. 

In preparing the mount the element and portion of the lead wires to 
be cemented were supported so as to be free from surface contact. The 
eement was applied with a dissecting needle in thin layers, allowing two to 
eight hours to dry between applications. The drying process may be 
speeded up by use of an oven heated 75° to 100° C. Thin applications 
are necessary to minimize distortion and possible damage resulting from 
shrinking of the cement on drying. This shrinking, however, may be 
used to good advantage, for by controlling the relative amounts of cement 
applied, the mounts may be ‘‘pulled’’ into various shapes. After three 
or four coats, the lead wires were webbed together and additional coats 
added until the desired form was attained. Acetone was used to perfect 
the final shape and to remove excess cement from the sensing element. 
For accuracy in unilateral contact measurements, only one half of the 
sensing element was exposed, while the other part, including the lead 
wires, was embedded for support. Various clips may be designed for this 
mounting to hold the element firmly against the substance measured. A 
thermistor mounting fastened in a spring wire clip designed for obtaining 
leaf temperatures is shown in figure 1. 

The associated circuit (fig. 2) was designed to utilize a Leeds and 
Northrup single range portable potentiometer No. 7655 which was avail- 
able in the laboratory. With this design, temperature measurements to 
0.01° © are easily obtained. As indicated above, a wide variety of inex- 
pensive circuits may be substituted. 

The 0.4 mm. diameter thermistor bead provides an inexpensive means 
of obtaining accurate and rapid high sensitivity contact temperature in- 
dications within small spatial limits in the field. By the use of long lead 
wires such indications have been obtained in relatively inaccessible places 
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Fie, 1. A. Spring wire clip with thermistor and mounting for leaf temperature 
determinations. Overall length of clip 7.5 em. B. Details of thermistor mounting. 
When properly pressed against the leaf surface the thermistor receives radiant energy 
only from the leaf itself while the mounting does not interfere with heat flow in the 
leaf. Effects on temperature caused by shielding of the leaf by the mounting are 
negligible. 
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Fie. 2. Cireuit design. Current through the thermistor is adjusted to .08 milli- 
amperes (800MV drop across a 10,000 ohm variable resistor). The potential drop 


across the thermistor is then measured, either by adjustment of the potentiometer, or 
with precaution by galvanometer deflection. 
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as tree tops, cliff faces, and deep water. Some representative temperature 
determinations obtained by this method are presented in figure 3. 
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Relatively little is known of the influence of environmental factors on 
nectar yield in plants. The problem is of special importance in the case of 
the forage legumes, where seed set is closely dependent on bee pollination if 
other factors are not limiting. In at least red clover, satisfactory nectar 
production is one of the requisites for ensuring sufficient bee visits. 

Although the importance of such studies has been recognized, research 
along these lines has been limited by the lack of a suitable method for 
measuring nectar production. Such a method must combine rapidity with 
reasonable quantitative accuracy to permit critical study of these and re- 
lated problems. The purpose of the present paper is to describe briefly a 
modified centrifuge technique which satisfies acceptably these criteria. 

The centrifuge method was first used by Guin (3) and later by EwErt 
(2) and Srapen and Gérzacue (5). None of these investigators critically 
evaluated the method, and few technical data, such as the centrifugal 
speed, radial distance, time of centrifuging, and completeness of recovery, 
are stated in these papers. A further study of the technique was therefore 
considered advisable. The method has also been simplified to permit direct 
volumetric determinations of yield, thereby eliminating the use of an ana- 
lytical balance and considerably increasing the efficiency with which meas- 
urements can be made. All evaluations of the technique have been in 
terms of red clover but the method appears applicable to many other species. 


Methods 


Figure 1 illustrates the style of centrifuge tube used in this investiga- 
tion. The microliters of nectar (centrifugate) are read directly from the 
height of the liquid in the calibrated capillary well of the centrifuge tube. 
For refractometer analyses, portions of the centrifugate may be easily with- 
drawn from the capillary with a micropipette, and the percentage of total 
solids (essentially glucose, fructose, and sucrose) readily determined. Thus 
rapid estimates of both volume and sugar content of nectar can be made. 
The centrifuge tubes are cleaned by forcing 70% alcohol through the capil- 
laries with a micropipette and drying the flasks in an oven. Drying may 
be considerably expedited by first centrifuging the tubes in an inverted 
position. 

1 Papers from the Department of Botany, the Ohio State University, no. 518. Re- 
sults of cooperative research between the Division of Forage Crops and Diseases, Bureau 


of Plant Industry, Soils and Agriculture Engineering, U. 8S. Department of Agriculture 
and the Department of Botany, Ohio State University, Columbus, Ohio. 
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A simple yet satisfactory support for holding the flower head in the 
centrifuge flask during centrifugation is illustrated in figure 1 (detail B). 
The support is made from stiff, light-gauge wire. During centrifuging, 
the flower head rests on the cross-wire, and is maintained in a vertical posi- 
tion by a pin inserted through the cork stopper into the base of the head. 
This method of support prevents the florets from becoming pressed too 
tightly against the glass or being deflected and held in a horizontal posi- 
tion during centrifuging. Stare, and Gérzacne (5) and Ewerr (2) 
simply suspended the flowers or inflorescences in the flasks by clamping 
the peduneles in a split stopper, but this method proved unsatisfactory in 
the present investigation. At a centrifugal force of 465 g. (standard in 























os 
A 


Fie. 1. A. Centrifuge tube. B. Stirrup support for holding clover head in cen- 
trifuge tube. 


this study), the clover head stalks in many samples either broke or tore 
loose from the stoppers. The method of Gupin (3) is not deseribed. 

Centrifuging was carried out in an International Clinical centrifuge at 
2540 r.p.m. The flasks were placed in Cornell style metal tubes supported 
in a 4-place head. Since the radial distance approximated 7 em., the 
flower heads were subjected to a centrifugal force of 465 g. Prior to cen- 
trifuging, the outer 4-6 mm. portion of the florets was trimmed off to 
facilitate extraction of the nectar (5). 

The sensitivity of the method depends in part on the diameter of the 
capillary bore. For general work, capillaries of 1.5 mm. to 1.7 mm. bore 
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size have been found satisfactory. Thus, for a nectar yield of 30 micro- 
liters, the column of centrifugate in a capillary of 1.50 mm. I.D. would be 
16.9 mm. in length (1.77 pl./mm.). With a 10x binocular and ocular seale, 
readings may be easily made to 0.1 mm. The capillaries must be initially 
calibrated with water or mercury, and calibration tables prepared for each 
centrifuge flask. Readings should be taken to the middle portion of the 
meniseus to partially compensate for meniscus errors. 

Sizeable errors may be introduced into the method by the inclusion of 
dew, precipitation, guttates from the sepals, or minute insects in the cen- 
trifugate. The insects can be blocked from the capillary by screens of suit- 
able mesh. Even without this precaution, at least rough measurements are 
possible, for the insects are usually of lesser density than the nectar and 
separate out as an upper layer in the centrifugate. Dew and precipita- 
tion represent more serious errors and restrict the use of the method to 
periods of the day when neither is present in an interfering quantity. 
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Fig. 2. Volume of centrifugate obtained as a function of centrifugation time. The 
nectar yield of the flowers is estimated to equal the volume of centrifugate obtained 
after six minutes of centrifuging. Explanation in text. 
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Experimental data 
CENTRIFUGATION PERIOD 


In order to measure the minimal centrifugation period necessary for 
essentially complete extraction of nectar, clover heads were centrifuged 
for periods up to four hours, readings being taken at intervals of two to 
15 minutes. Representative curves, showing the amount of centrifugate 
obtained with time, are presented in figure 2. It will be observed that the 
volume of centrifugate increased continuously with increasing periods of 
centrifugation. Even four hours of centrifuging showed only an approxi- 
mate approach to a limiting value. 
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It is very unlikely that such a time-yield relationship indicates con- 
tinued extraction of nectar.. The gradual increase in volume of centrifu- 
gate after four to six minutes of centrifuging is perhaps mainly due to 
evaporation of water from the clover head, and re-condensation on the 
surface of the centrifugate. Very similar curves were obtained when cot- 
ton wads, soaked in water, and compressed and tied to simulate clover 
heads, were centrifuged over a 50% sucrose solution. The continuing in- 
crease in yield with time of centrifugation is not due to the extrusion of 
liquid water from within the cell systems, for the centrifugal force com- 
ponent to which the cell water was subjected in these studies (465 g.) was 
trivial in comparison to the osmotic forces within the cells. On. the basis 
of these studies, and others not here reported, a standard centrifugation 
period of six minutes was selected. Although the extraction of nectar is 
not 100% complete in this time, as is evident from the data in table II, 
further increments are negligible when correction is applied to the total 
centrifugate for the distillate fraction noted above. 


BASIS FOR CALCULATION OF YIELD 


Nectar yield is frequently reported in terms of unit number of florets. 
In the case of red clover such a base precludes extensive sampling because 
of the time-consuming nature of the counting. Accordingly, the weight 
basis was substituted for many of these studies. This basis of caleulation 
does not alter the general interpretation of results, if access of pollinating 
insects to the heads has been prevented, for, under such conditions, a high 
correlation coefficient is found between number of florets and weight of in- 
florescence. Thus, for a sample of 42 heads, harvested from greenhouse 
plantings, a coefficient of 0.96 was obtained. In the case of field material, 
however, such a close correspondence is not usually obtained. Nectar secre- 
tion ceases soon after pollination and as a result of the acropetal succession 
of flowering in the inflorescence, followed by pollination, the number of 
functional florets in relation to weight will vary. In such cases, nectar yield 
may be referred to various other bases, such as unit field area, unit num- 
ber of heads, or unit number of plants. 


TIME INTERVAL BETWEEN HARVESTING AND CENTRIFUGING 


The time required for preparing the clover heads for centrifugation 
varied from a half-hour to an hour, depending on the number of samples 
harvested. For field material, the transportation time to the laboratory 
must also be included. To determine the effect of moderate variations in 
time interval on the measured yield and sugar content, clover heads from 
the greenhouse were split lengthwise and one lot of half-heads was cen- 
trifuged one hour after harvesting, the other lot two hours after harvesting. 
The correlation coefficient for nectar yield between the respective lots of 
half-heads, based on a sample of 32 paired halves, was 0.73. This value is 
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essentially the same as that obtained for the simultaneous centrifugation of 
paired halves (0.76 for a sample of 132 paired halves). 

The results on sugar concentration were similar. No statistically sig- 
nificant differences in the per cent. of sugar in the nectar fractions from 
the two lots of flowers were found. 






Scope of method 


During the course of this work of evaluating the centrifuge technique, 
preliminary data have been secured on a number of problems. Some of 










TABLE I 


VARIATION IN NECTAR YIELD IN RED CLOVER WITH STAGE OF 
MATURITY OF INFLORESCENCE 








NUMBER OF AVERAGE NECTAR 
MATURITY INFLORESCENCES YIELD (yL.) /100 
IN SAMPLE FLORETS ) 




























-1 day = 15 8.5 
ECE DU Teves aa 55 9.4 
least intercepts enieinrtesesere 40 9.0 
Stier TL TI Sa eal 18 6.4 
+3 12 2.8 














these data are presented here mainly to illustrate the scope and possibilities 
of the method. 

In table I variations in nectar yield and stage of maturity of the in- 
florescence are given. The plants used in this experiment were of the Ken- 
land variety of red clover (Trifolium pratense) growing under greenhouse 
conditions. Pollinating insects were absent. It will be observed that 


TABLE II 


PER CENT. TOTAL SUGARS IN SUCCESSIVE FRACTIONS OF NECTAR. 
EACH FRACTION COLLECTED AND ANALYZED SEPARATELY 








PER CENT. SUGAR IN SUCCESSIVE FRACTIONS OF NECTAR 
FRACTION SAMPLE No. 
1 2 3 4 5 
















lst 2-min. fraction. ................ 61.1% 54.4% 70.2% 59.1% 68.0% 
2nd 2-min. fraction .............. ; 55.8 48.2 59.0 54.3 52.4 
3rd 2-min. fraction ............... 57.0 48.8 55.2 

4th 2-min. fraction ................ 54.6 43.2 49.6 36.4 
5th 2-min. fraction ................ Mike ; ; 

6th 2-min. fraction .................. <he eas 44.2 











under these conditions there was a decided decrease in nectar yield two or 
three days after reaching full bloom. 

In table II data are presented showing the variation in per cent. sugars 
in suecessive fractions of nectar, collected and analyzed separately. It will 
be observed that in each case the per cent. sugar was highest in the first 
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two-minute fraction and with few exceptions declined significantly with 
each successive fraction. The effect of these more dilute fractions on the 
average per cent. sugars for the total sample is, of course, slight, due to the 
small volume of the fractions obtained after the initial few minutes of cen- 
trifuging. No general correspondence to the time-yield curve (fig. 2) 
was shown in this experiment. 

Although marked variations occurred in the nectar yield of successive 
inflorescences taken on various days from the same plant, as would be ex- 
pected in part from the varying environmental conditions, nonetheless, 
in terms of microliters nectar/100 florets or gram inflorescence weight, 
variants which were consistently ‘‘high yielders’’ and ‘‘low yielders’’ were 
distinguishable during the course of these studies. Thus for plant 14, the 
mean nectar yield was 2.4 + 3.4 l./100 florets; for plant 9, 5.9 + 2.6 ul.; 
and for plant 24, 15.2+ 10.2 pl. In general, however, plants with in- 
florescences yielding large nectar quantities produced fewer inflorescences 
per plant, with the result that a calculation of yield on a unit field area 
basis or per plant basis might result in an entirely different interpretation. 
Further studies of these reciprocal or correlative relationships are needed. 
Clones are being established of some of these variants (all of the Kenland 
variety) for further studies of yield in relation to genotype. 

The average yield of nectar obtained in this investigation was of the 
order of 20 »l./100 florets as compared with an average yield of 32 »l./100 
florets caleulated from the data of Stare. and Gérzacue (5). Since yields 
of 1 pl. can be determined in properly dimensioned capillaries, yields from 
as few as five to 10 florets are measurable under these conditions. The 
method, therefore, can be used for the investigation of relative yields from 
different florets in the inflorescence, and other similar types of problems. 


Comparison of methods 


In the course of this work, trial experiments with other methods of 
assay were made. For many purposes the micropipette method (6, 7, 8) 
is preferable, requiring only the simplest of equipment. With proper fa- 
cilities, however, the volumetric centrifugation method is much faster, and 
for large scale sampling, quantitative recovery of nectar for yield data is 
more reliable. The micropipette method has the advantage, however, of 
not destroying the samples used for analysis. 

Water extraction methods (1, 4, 9) on the other hand are subject to the 
serious limitation of providing data only on the sugar content of the nectar 
fraction. Although in general the quantity of sugars, caleulated as glu- 
cose, recovered from the nectar was of the same order of magnitude as that 
calculated from centrifuge data, the precise value varied with the period of 
soaking. For example, in one experiment in which the inflorescences 
were submerged in 20 ml. water, and evacuated to remove entrapped air 
bubbles, the glucose equivalents of the acid hydrolyzed solutions amounted 
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to an average of 12.4 mg./gram inflorescence after 20 minutes of soaking 
and 16.9 mg. after two hours, a gain of 36%. To what extent this gain rep- 
resents continued recovery of nectar sugars or direct lixiviation of sugar 
from the cells of the plant tissue was not determined. 

Stare, and Gérzacue (5) obtained data on nectar yield in terms of 
both weight of centrifugate and height of the nectar column in the corolla 
tubes. It would be of interest to calculate a correlation coefficient between 
the two methods, but only averages for different treatments or seasons of 
planting are given in their paper. The data show that the calibration 
factor, 7.e., nectar yield in pl.*/height of nectar column in mm., was highly 
variable, varying over 50% between certain treatments. To what extent 
this variability was due to environmental differences can only be surmised, 
for replicated data on similar treatments are not given. No high accuracy, 
however, can be expected from this method, for a variation of only 25 
microns in the radius of the corolla tube would be equivalent to a percen- 
tage variation of approximately 20% in the calibration factor. Further- 
more, it should be recognized that the method measures only the nectar 
which has accumulated in the corolla tubes. When the corolla is removed 
for measurement, an indeterminate fraction of the nectar remains in the 
ealyx whorl. It is evident that this method is applicable only as a crude 
index to yield. 

Summary 


A volumetric centrifuge method of estimating nectar yield is described 
and evaluated. The volume of yield is determined directly from measure- 
ments of the height of the centrifugate in a calibrated capillary well at- 
tached to the centrifuge tube. Samples of nectar may be easily withdrawn 
from the capillary tube for refractometer analyses. The method, there- 
fore, permits estimates of both volume of nectar and per cent. total sugars. 

For red clover, a standard centrifugation period of six minutes at 
465 g. was found satisfactory. 
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In connection with a study of iron metabolism in corn, it was necessary 
to establish the presence of the cytochrome system in corn embryos. 

Evidence has been presented for the functioning of the cytochromes in 
the embryos of wheat (1), oats (2), and barley (3). It would be logical 
to assume, therefore, that corn embryos also contain cytochrome oxidase. 
However, in view of the present state of knowledge of plant respiratory 
enzymes, it would be unwarranted to accept such an assumption without 
proof. A search of the literature failed to reveal any studies designed to 
indicate the nature of the terminal oxidase in corn embryos. 

Air dry corn kernels of the hybrid WF9xM14 were selected with 
regard to integrity and weight (250+ 10 mg.). The seeds were rinsed 
briefly with 0.2% mercuric chloride and then flushed with a large volume 
of sterile water. Sterile technique was used throughout the experiments 
with whole kernels, and there has been no observable instance of mold or 
bacterial growth. Individual seeds were placed in Warburg flasks lined 
on the bottom with filter paper. For the control vessels, 0.5 ml. sterile 
water was added. The same amount of various solutions containing re- 
spiratory inhibitors was added to the experimental flasks. The concen- 
trations of the inhibitors were selected as being likely to show appreciable 
inhibition of iron or copper containing enzymes, the selections being based 
on concentrations used in studies referred to in the bibliography. All 
solutions were adjusted to pH 7.0. In the center wells, 0.2 ml. 20% KOH 
was used with a fluted section of filter paper, except for the cyanide inhibi- 
tion study, in which KCN was used as the carbon dioxide absorbent (4). 
Oxygen uptake was measured, in an atmosphere of air and at 37° C, for 
60 minute periods at various intervals, usually extending to 25 hours. By 
this time the control seeds exhibited a large oxygen consumption and roots 
10 to 11 mm. in length. 

In table I it may be seen that the profound effects of cyanide and 
azide leave little doubt as to the involvement of a heavy metal enzyme. 
In these cases germination was completely arrested. The results obtained 
with phenylthiourea and diethyldithiocarbamate suggest that the copper 
enzymes tyrosinase and ascorbic acid oxidase might not be involved in the 
corn seed’s respiration at this stage of development (5, 6). However, ger- 






1 Journal paper No. J-1705 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 1049. 
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mination did not proceed at the normal rate in the presence of the latter 
two inhibitors, since the root length was reduced to 3 to 6 mm. at the end 
of 25 hours. 

These inhibition effects naturally pertain to the respiration of the en- 
dosperm as well as of the embryo, but one would expect that major portion 
of the respiratory activity to be centered in the growing and differentiat- 
ing embryo. In the case of wheat, it has been stated that the magnitude 
of embryo respiration is 10 to 15 times greater than that of the endo- 
sperm (7). 

In order to obtain more direct evidence for the activity of the cyto- 
chrome system in the embryos, homogenates were prepared from embryos 
with 10 to 11 mm. roots. Ten embryos (free of endosperm) were selected 
which had a total weight of 1.0 + 0.1 gm. These were crushed in a mortar 
with 2.0 ml. of ice cold sodium phosphate buffer, 0.1 M, pH 7.0, another 


TABLE I 


OXYGEN UPTAKE BY CORN KERNELS 








MM.’ O, PER SEED DURING INDICATED HOUR* 
SOLUTION silaiasiehtinsileieainaidigaaglinitin eiaitiiaton 
6-7 18-19 24-25 











Controls 31 (25-33) 146 (127-162) 166 (140-184) 
0.002 M PTUt 35 (21-54) 157 (142-158) 165 (159-175) 
0.01 M DDCtt 39 (35-46) 104 (97-108) 125 (107-141) 
0.005 M NaN, 3 (1-4) 4 (1-8) 
0.001 M KCN 0 0 








* Average is given first, followed by range of six determinations. 
+ Phenylthiourea. 
tt Sodium diethyldithiocarbamate. 


2.0 ml. of the buffer was added and the suspension was homogenized in a 
glass apparatus (8). Aliquots of these preparations were used for the 
experiments summarized in table II. Oxygen uptake from an atmosphere 
of air was measured in a conventional Warburg apparatus at 37° C and a 
shaking rate of 120 two centimeter strokes per minute. The cytochrome 
e used was prepared from horse heart by the method of Kemin and Har- 
TREE (9). The iron content of the preparation, as determined by the 
method of DraBKrin (10), was 0.28%. The concentrations of solutions of 
the pigment were determined in a Beckman quartz spectrophotometer at 
550 my after reduction with hydrosulphite, using the extinction coefficient 
reported by THEORELL and AKesson (11). Higher concentrations than 
that shown in the table did not increase the oxygen uptake, so that it may 
be assumed that the oxidase present in the homogenate was saturated at 
this level. In all of the experiments reported, the rate of oxygen uptake 
was essentially linear with time over the 60 minute period. 

Initially, ascorbic acid was investigated as a reducing agent for the 
added cytochrome e (12). However, as indicated in the table, there was 
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TABLE II 


OXYGEN UPTAKE BY CORN EMBRYO HOMOGENATES* 








































FLASK CONCENTRATION OF ADDITIONS MoM.’ O, UPTAKE PER HOURt 

(1) None 4 (2-9) 

(2) 0.00003 M eytochrome ¢ 10 (9-12) 

(3) 0.01 M p-phenylenediamine 51 (48-58) 
(4) As in (3), but homogenate boiled 26 (20-31) 
(5) 0.00003 M cytochrome c + 0.01 M p-phenylenediamine 148 (132-174) 
(6) As in (5), but homogenate boiled 21 (20-22) 
(7) As in (5), + 0.001 M KCN 22 (18-25) 
(8) As in (5), +0.005 M NaN, 26 (22-31) 
(9) 0.02 M ascorbate + 0.00003 M cytochrome e 357 (310-406) 
(10) As in (9), but homogenate boiled 249 (200-299) 
(11) 0.0025 M 3,4-dihydroxyphenyl-L-alanine 5 (0-8) 
(12) 0.003 M p-cresol 0 








* Each flask contained 1.0 ml. 0.1 M sodium phosphate buffer, pH 7.0; 0.5 ml. ho- 
mogenate; 0.2 ml. 20% KOH and filter paper in center cup; and water to make a total 
volume of 3.0 ml. Substrates tipped from side arm after temperature equilibration. 

t Each value is the average of at least three determinations, the range being indi- 
cated in parentheses. 












a high rate of non-enzymatic catalysis of the oxidation of ascorbic acid, 
and in further experiments p-phenylenediamine was used. It should be 
emphasized that the conditions used in these experiments are not neces- 
sarily optimum. The results show, nevertheless, that addition of the spe- 
cific substrate for cytochrome oxidase, reduced cytochrome ¢, causes a 
marked stimulation of oxygen uptake by the homogenate. Furthermore, 
this increase in activity is substantially abolished by cyanide and azide, 
two known inhibitors of cytochrome oxidase. 

Under the conditions of these experiments, no significant cresolase or 
polyphenol oxidase activity was apparent. 
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Introduction 


The formation of proliferated stem tissue in the red kidney bean plant 
induced by 2,4-dichlorophenoxyacetice acid has aroused considerable inter- 
est. SELL, LUECKE, HAMNER and Tay.or (5, 8) have reported large dif- 
ferences in protein, carbohydrates, lipides, amino acids, vitamins and ash 
content in the normal and the tumorous stem tissue of the red kidney bean 
plant produced by 2,4-D.? Further studies by WEuLER, LUEcKE, HAMNER 
and Set (9) have shown that these abnormal differences in chemical com- 
position occurred primarily in the proliferated stem tissues. Recent obser- 
vations by FELBER (1), and NeeLy, BALL, HAMNER and SELL (7) have dis- 
closed enhanced activity for peroxidase and alpha and beta amylase, re- 
spectively, in the tumorous stem tissues. The purpose of the present com- 
munication is to report the activity of other enzymes in analogous material. 


















Method and results 


Seeds of a certified strain of the red kidney bean plants were selected 
for uniformity of size and planted in 4-inch pots in the greenhouse in July 
1949. Each pot contained two plants that were treated when the first 
trifoliate leaves were expanding, approximately 10 days after planting. 
Four replications of 100 plants each were used from which to obtain 
material of treated and non-treated plants (controls). Application of 
2,4-D was made by applying one drop (.05 ml.) of a 1000 p.p.m. solu- 
tion to the base of the blade of one of the primary leaves. The plants 
were harvested six days after treatment at which time the stem tissue had 
proliferated considerably but yet showed no signs of necrosis. The mate- 
rial was air dried at 30° C in the dark and then segregated into leaf, root 
and .stem tissue. The hypocotyl, first internode and leaf petioles were 
grouped together as stem tissue. After drying, the material was ground 
to pass through a 60 mesh sieve, and then stored in a glass jar at room 
temperature and used as needed. 


1 Journal Article No. 1155 Michigan Agricultural Experiment Station, East Lan- 
sing. 
2A 0.1% solution of the sodium salt of 2,4-dichlorophenoxyacetic acid acidified with 
orthophosphorie acid to pH 3 and abbreviated in this paper as ‘‘2,4-D.’’ 
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Invertase was determined by using a modification of WILLSTATTER’s 
(10) method. A variety of solvents such as salt solutions and water at 
various temperatures and extraction times were employed for extraction. 
However, none of the leaf or proliferated stem tissue showed any inver- 
tase activity. This would indicate that the hydrolysis of sucrose to hexose 
sugars by invertase is absent in the tissues of the young plants. 

The procedure of Kertesz (4) was employed for the determination 
of pectin methoxylase. The results in table I show that the activity of 
pectin methoxylase is approximately twice as great in the normal stem 
tissue as in the tumorous tissue of the red kidney bean plant. The same 
trend was also noted in the leaves of the treated and non-treated plants. 
The activity of the other pectic enzymes was not determined but if the 
ultimate breakdown of protopectin to methanol and galacturonic acid is 
a series of equilibrium reactions then the increase in pectin methoxylase 
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TABLE I 


EFFECT OF 2,4-DICHLOROPHENOXYACETIC ON THE PECTIN METHOXYLASE* ACTIVITY IN THE 
STEMS AND LEAVES OF THE RED KIDNEY BEAN PLANTS 


at 


: 
ah 


—- 











STEMS LEAVES 
ENZYME SAMPLE - ~— 
TREATED NON-TREATED TREATED NON-TREATED 








Peetin 6.20 15.81 3.10 7.90 
Methoxylase 7.44 16.10 2.79 8.05 
: 8.96 16.27 3.10 8.20 

7.90 16.11 2.94 8.05 


. 
& 
&. 





* Pectin methoxylase unit is defined as the number of milligrams of methoxyl split 
off by one gram of material in 30 minutes at 30° C. 
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activity would likely be associated with an increase in the breakdown of 
the protopectin in the cell wall. This change has been observed by Murray 
and Wuitine (6) in the histological studies of the tissue of young plants 
treated with 2,4-D. 

Phosphorylase activity was measured by a method given by GREEN 
and Stumpr (3). The data in table II show that the phosphorylase 
activity in the tumorous stem and leaf tissue of the treated plants is much 
less than in the normal tissue of the control plants. Although a phos- 
phatase acting on D-glucose-l-phosphate has not been reported to occur 
in the tissue of the bean plants, the possibility existed that the liberation 
of the phosphate might be due to such a phosphatase. Therefore, a deter- 
mination was made for reducing sugar by the Fotin and Wu method (2) 
before and after enzymatic hydrolysis to ascertain whether there was an 
inerease in reducing sugars. The amount of reducing sugar remained 
constant and showed that the liberation of phosphate was due to a phos- 
phorylase enzyme converting the D-glucose-l-phosphate to a corresponding 
glucose polymer. The decrease in phosphorylase activity confirms the 
work of previous workers (8) that treatment of plants with 2,4-D dis- 
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torts the carbohydrate metabolism in the cells. Since both the degrada- 
tion and synthesis of starch have been observed to be reactions catalyzed’ 
by a phosphorylase and since the products of glycolysis of starch may 
enter the carboxylic acid cycle and would, therefore, be closely related to 
the synthesis of such important amino acids as aspartic and glutamic 
acids, it is believed that the effect of 2,4-D on phosphorylase activity may 
be an important point in the explanation of the basis of the distorted 
metabolism observed. 
Summary 


1. Invertase activity was absent in both the proliferated stem and leaf 
tissue of the red kidney bean plants treated with 2,4-dichlorophenoxyacetic 
acid and the controls. 

TABLE II 


EFFECT OF 2,4-DICHLOROPHENOXYACETIC ON THE PHOSPHORYLASE* ACTIVITY OF THE STEMS 
AND LEAVES OF THE RED KIDNEY BEAN PLANTS 

















STEMS LEAVES 








ENZYME SAMPLE 
TREATED NON-TREATED TREATED NON-TREATED 
1 5.35 9.32 0.43 5.00 
Phosphorylase 2 5.91 8.76 73 3.98 
3 5.68 8.98 77 2.78 
4 51 3.16 





* Units are expressed as phosphorylase units where one unit has been defined as the 
amount of enzyme which catalyzes the liberation of 0.1 mg. of inorganic phosphorus 
from D-glucose-l-phosphate in three minutes at 38° at pH 6. 


2. Pectin methoxylase activity increased in both the proliferated stem 
and leaf tissue of the treated plants. 

3. Phosphorylase activity decreased in both the proliferated stem and 
leaf tissue of the 2,4-D treated plants. 

4. There was no indication of the presence of a phosphatase acting on 
D-glucose-l-phosphate. 
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NOTES 


THE STATUS OF PLANT PHYSIOLOGY IN THE UNITED STATES: 
THE NUMBER, INTERESTS AND RATE OF TRAINING 
OF PLANT PHYSIOLOGISTS 







COMMITTEE FOR PROFESSIONAL STATUS AND TRAINING} 


Introduction 

















Considerations of the status of plant physiology in the United States 
have been hampered by the fact that information is not available concern- 
ing the number of plant physiologists active in the field at the present 
time. Information on the current rate of preparation of qualified plant 
physiologists on the professional level has also been lacking. This report 
concerns an attempt made by the committee on Professional Status and 
Training of the American Society of Plant Physiologists to gain some in- 
sight into both of these questions. Incident to the obtaining of this data 
it proved possible to obtain other information also. It has long been recog- 
nized in a qualitative way that the great bulk of the work in plant physiol- 
ogy is carried on in the name of horticulture, agronomy, and other phases 
of plant science. A quantitative estimate of the number of plant physiol- 
ogists working in plant physiology but carried out under these varied 
formal designations has now been obtained. The quantitative distribu- 
tion of workers in the varied aspects of plant physiology has also been in- 
vestigated. 


Method 


During the month of April, 1949, a questionnaire was prepared and 
sent to 140 individual members of the American Society of Plant Physiol- 
ogists located at universities and colleges, agricultural experiment stations, 
federal laboratories and certain industrial laboratories located in the 
United States. Of this number 136 questionnaires were returned. The 
individuals selected for participation in the survey were informed that 
only one form would be sent to each institution and each was requested to 
include in his tally all persons at that institution working specifically in 
the field of plant physiology as well as those in other departments but 
working in fields of which plant physiology is an important part. In this 
way it was hoped to avoid replicate enumeration of workers in a particular 
institution. The method did however exclude individuals located at in- 






















1H. B. Tukey, Michigan State College; Cecil Wadleigh, U. 8S, Regional Salinity 
Laboratory, Riverside; T. C. Broyer, University of California, Berkeley; K. V. Thi- 
mann, Harvard University, Cambridge; James Bonner, California Institute of Tech- 
nology, Chairman. 
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stitutions other than those surveyed. Of the 753 members of the Society 
at the time of the survey, 432 or 57% were accounted for by the survey. 
Since care was taken to include major centers of plant science work, aca- 
demic, governmental, and industrial, the members not accounted for are 
principally those working individually or in very small groups. The 
questions included in the questionnaire concerned the numbers of people 
carrying on research, teaching, or other activities, both specifically in plant 
physiology and in closely allied fields in which plant physiology is an im- 
portant part. Separate tallies were made for the professional, sub-pro- 
fessional and graduate student levels. 

The exact definition of what constitutes work not officially called plant 
physiology but of which plant physiology is an important part was in a 
large measure left to the individual census-taker. It is clear from the re- 
sponse however that work in plant physiology is carried on very com- 
monly in groups otherwise devoted to pathology, agronomy, horticulture, 


TABLE I 


NUMBER OF PLANT PHYSIOLOGISTS RECORDED IN THE SURVEY DIVIDED ACCORDING 
TO PROFESSIONAL STATUS 








WORKING SPECIFICALLY WORKING IN FIELDS 











IN PLANT CLOSELY ALLIED To 
PHYSIOLOGY PLANT PHYSIOLOGY 
Professional level ......................... soateadlacs 286 1170 
Sub-professional level _......... nae eT 138 353 
Graduate studlemts ni. .cccccccccccccsccccsssccsscesssseeee 262 1004 
Total ........ eA. a eee = 686 2527 
pone <A, 219 213 
Members of A.S.P.P. (per cent 


i eae aan eoaerrac eee 31.9 8.4 


pomology, truck crops, and even forestry. Plant physiology carried on in 
the service of these various fields will hereafter be referred to for con- 
venience as applied plant physiology. It should be emphasized that a 
clear distinction is here drawn between any particular agricultural field 
and the study of plant physiology in connection with this field. Thus a 
plant physiologist or agronomist working on a plant physiological problem 
in an agronomy department would be included in this survey as an applied 
plant physiologist. An agronomist working on a soils problem in an 
agronomy department would not be included. 


Results 


Table I presents a summary of the data on numbers of workers in plant 
physiology in the United States broken down according to professional 
status and according to official designation. As mentioned above, the sur- 
vey is incomplete since of the 753 members of the American Society of 
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Plant Physiologists at the time of the survey only 432 or 57% were ac- 
counted for. Since questionnaires were sent to every major university 
and agricultural college as well as to major governmental and industrial 
research centers, it is believed that the survey presents a reasonably cor- 
rect picture of the larger centers of activity. The data of table I reveal 
that there are roughly four times as many workers in applied plant physi- 
ology as in plant physiology proper. This difference applies not only to 
professional workers but also to graduate students. It is clear therefore 
that the great preponderance of work in plant physiology today is ac- 
tually carried on as applied plant physiology and under titles other than 
plant physiology. 

A second important fact revealed by the data of table I is that there 
are many more plant physiologists than there are members of the Ameri- 
ean Society of Plant Physiologists. Only 32% of the plant physiologists 
were found to be members of the Society. Although figures were not ob- 
tained, it seems safe to assume that most of the 219 members of the so- 
ciety recorded as ‘‘official’’ plant physiologists would be found among the 
286 professional workers, a relatively high proportion. In any case, much 
remains to be done in encouraging membership in the Society, probably 


TABLE II 


GRADUATE STUDENTS EXPECTED TO OBTAIN THE PH.D. DEGREE: 








SPECIFICALLY IN PLANT IN CLOSELY ALLIED 





PHYSIOLOGY FIELDS 
By July 1, 1950 119 153 


By July 1, 1951 108 133 





particularly in the lower levels of professional status. Of the 2527 ap- 
plied plant physiologists tabulated in the survey only 213 or 8.4% were 
found to be members of the A.S.P.P. Despite the low proportion of mem- 
bership, this group contributes almost as many total members to the so- 
ciety as do the plant physiologists proper. Here again it is clear that a 
great many workers in applied plant physiology are not members of the 
society which would presumably most uniquely fit their scientific interests. 
Table I shows that there is a great number of graduate students both 
in plant physiology and in applied plant physiology. For every profes- 
sional worker in the field there appears to be approximately one graduate 
student in training. Table II indicates that slightly over 100 Ph.D. de- 
grees are expected both in 1950 and in 1951 in plant physiology and a 
slightly higher number in applied plant physiology. It is interesting to 
note that the proportion of presumptive Ph.D.’s is approximately three 
times as high among plant physiologists as among applied plant physiolo- 
gists. 
The questionnaire included one question as to the fields of major in- 
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terest represented. Although this question was not answered by all re- 
spondents, still the number of replies was sufficiently large to yield an in- 
teresting picture of the distribution of effort in plant physiology at the 
present time. More than 50 different fields of interest were indicated for 
the 1622 workers covered. These 50 fields were therefore combined into 
11 broader categories. Thus the category plant biochemistry includes 
work reported as intermediary metabolism, protein metabolism, metabolism, 
respiratory systems, phosphorolytic enzymes, enzymes, and plant constitu- 
ents. The data given in table III show that plant nutrition continues to 


TABLE III 


DISTRIBUTION OF EFFORTS OF WORKERS IN PLANT PHYSIOLOGY AND ALLIED FIELDS 





SPECIFICALLY IN PLANT 





IN ALLIED FIELDS 








PHYSIOLOGY 
No. % No. % 
Physiology of microdérganisms 31 6.8 229 19.5 
Developmental itttatinad bias _ 14 3.1 19 1.6 
Translocation _ ......... rena tieas: 6 1.3 0 0.0 
Plant growth substances ........... 93 20.7 22 1.9 
REESE) ee Sarre ae ; 107 23.8 163 13.9 
PHrotormy matinee nncncessssseeessssnssenee . 38 8.4 0 0.0 
J a 52 11.6 124 10.6 

General physiology of a specific 

SO. Lncommmannenttnernons 27 6.0 426 36.3 
Radioactivity and radiation effects 9 2.0 0 0.0 
Water relations . 13 2.9 22 1.9 
General and teaching» acenlibe sina 60 13.3 167 14.2 
paige 2 ER RR lo dhceaieis 450 99.9 1172 99.9 





command the interest of more plant physiologists than any other single 
subject, comprising about 24% of all plant physiologists reported. The 
study of plant growth substances, a field hardly 20 years old, is however a 
close second with 21% of all plant physiologists reported. All other fields 
are represented by substantially smaller proportions of the total, biochem- 
istry and photosynthesis commanding but 12% and 8% of the total, re- 
spectively. 

The distribution of interests among the applied plant psysiologists ap- 
pears to be substantially different from the distribution among the plant 
physiologists proper. More than one third of the applied plant physiolo- 
gists have interests directed toward the physiology of a specifie plant or 
crop rather than toward a specific subject or field of physiology. The sec- 
ond largest group with 19.5% of the total is constituted by workers with 
interests in the physiology of microérganisms, a group largely represented 
by physiologists working in plant pathology. Plant nutrition with 14% 
of the total is also a substantial interest of the applied plant physiologists. 
Interestingly enough, plant growth substances appear to be only yet of 
minor interest to applied plant physiologists, despite the very considerable 
amount of work being carried on with 2,4-D. 
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According to the definition given above, applied plant physiology is 
considered as plant physiology carried on in the service of some other 
field or department of plant science. Table IV gives data on the distribu- 
tion of applied plant physiologists (professional grade men) according to 
formal designation of field or department. It may be seen that applied 
plant physiologists are relatively uniformly distributed in horticulture, 
pathology, agronomy and genetics, and soils. 










TABLE IV 


DISTRIBUTION OF WORKERS IN APPLIED PLANT PHYSIOLOGY ACCORDING TO FORMAL 
DESIGNATION AS TO FIELD OR DEPARTMENT 





























FIELD OR DEPARTMENT No. % 












ET Re eS 225 26.7 






be  , e honasereeteiee 229 27.2 
Agronomy and genetics .................... 225 26.7 
Soils 5 eleeelionapedieiilhate 163 19.4 
















Total 842 












Finally, it is of interest to know the way in which work in plant physiol- 
ogy is distributed between universities and colleges, the U. S. Department 
of Agriculture, and industry. For the purposes of this tabulation, uni- 
versities, colleges and experimental stations have been pooled since it 
proved difficult to disentangle relationships in institutions which have all 
three represented on one campus. The U.S. Department of Agriculture is 











TABLE V 


DISTRIBUTION OF PLANT PHYSIOLOGISTS ACCORDING TO EMPLOYER. 
WORKERS ARE CONSIDERED IN THIS TABLE. ) 







(ONLY PROFESSIONAL 




















PLANT PHYSIOLOGISTS APPLIED PHYSIOLOGISTS 






















EMPLOYER 

No. % No. % 

University or Experiment Station 180 63.0 924 81.5 
U. 8. Department of Agriculture pa 45 15.7 127 11.2 
Other Federal Government Agencies 15 5.2 28 2.5 
Chemical Industry ................. ' 6 2.1 16 14 
Agricultural Industry ......... 5 1.8 12 1.1 
Miscellaneous .........ccccccecnnen ios ae 35 12.2 26 2.3 
Total aaah 286 100.0 1133 100.0 











treated as one category ; other government agencies, such as AEC, Depart- 
ment of National Defense, etc. are pooled as a separate category. Chemical 
industry does not include the fertilizer industry which is lumped with pri- 
vate agricultural research departments under the heading agricultural in- 
dustry. The category miscellaneous includes plant physiologists working 
in medical research institutes and private non-profit research institutes. 

The data of table V show that of the plant physiologists covered by this 
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survey 63% work in academic institutions and the associated experiment 
stations. An even larger proportion of the applied plant physiologists, 
81.5%, fall in the same category. The U. S. Department of Agriculture 
constitutes the second category in both instances although the numbers 
employed are far smaller than those in academic institutions. The number 
of plant physiologists in industry, either chemical or agricultural, is very 
small, consisting of less than 4% for both plant physiologists and applied 
plant physiologists. 


Discussion 


The following general points may be made: 

i. Less than one third of the plant physiologists of the United States 
are members of the A.S.P.P. Only about 8.5% of the applied plant physi- 
ologists are members of the society. If most of the membership is concen- 
trated in the upper professional level as seems probable the figures at this 
level could rise to a maximum of 77% and 18% respectively. 

2. A total of 286 professional grade plant physiologists and 1170 ap- 
plied plant physiologists were accounted for in the survey. Extrapola- 
tion on the basis of the fraction of the membership of the A.S.P.P. ac- 
counted for suggests that there may be a total of the order of 500 profes- 
sional grade plant physiologists and 2000 professional grade applied plant 
physiologists active in the United States at the present time. 

3. Over 100 Ph.D. degrees are expected to be granted in plant physiol- 
ogy in each of the years 1950 and 1951. In applied plant physiology 153 
and 133 Ph.D. degrees will be granted in these two years. 

4. Plant physiologists and applied plant physiologists alike are em- 
ployed principally in universities, colleges and experiment stations. The 
U. S. Department of Agriculture represents quantitatively the next most 
important employer, with private industry employing only an extremely 
small proportion of the total. 

The data presented in this report have been collected as a preliminary 
to more detailed considerations concerning the professional training and 
status of plant physiologists. The data do of themselves however raise 
several important questions. Perhaps the most pressing of these relates 
to the number of graduate students now in training. This number is large 
in proportion to the present total body of plant physiologists. A great 
many will presumably go, as in the past, into various phases of applied 
plant physiology. If there are about 2500 plant physiologists (pure and ap- 
plied), each with an average useful life of 35 years, it follows that the 
rate at which students should be trained for replacement purposes is about 
75 per year. Any number in excess of 75 can be absorbed only by expan- 
sion of the field. Of course there has been a temporary shortage of physi- 
ologists due to suspension of training during the war. Undoubtedly also 
there is a certain amount of expansion. Even so, how rapidly ean the 
existing agencies expand to absorb these new professional grade plant 
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physiologists as they are produced? What can be done to increase par- 
ticipation of plant physiologists in the rapidly expanding field of agricul- 
tural chemical industry? It is hoped that these questions can be dealt 
with in later reports. 


CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 


Howard S. Reed.—The American Society of Plant Physiologists records 
with sorrow the passing of one of its members, Howard 8S. Reed, Emeritus 
Professor of Plant Physiology of the University of California. Professor 
Reed died on May 12, 1950 in Berkeley, California at the age of 73. 


Botany.—J. Ben Hii, Lee O. Overnouts, HENry W. Popp. Second 
Edition. McGraw-Hill Book Company, Inc., 330 West 42nd Street, New 
York 18, New York. 710 pages, 1950. $5.00. 

This book comprises the subject matter of a two-semester college course 
in general botany. The second edition includes the many advances in botany 
which have been made in recent years in such fields as photosynthesis, 
respiration, fermentation and enzymes, metabolism, hormones and vitamins, 
antibiotics, hydroponics and absorption of inorganic substances, biological 
effects of radiation, use of ‘‘tagged elements,’’ cytology, morphology, fossil 
plants and plant classification. New sections have been added on viruses, 
actinomyecetes, diatoms and the Charales, as well as unusually important 
sections on meiosis and on the economic significance of the fungi. Greater 
emphasis than usual is placed upon the physiology of plants and upon 
ecology. A number of new figures have been added, and improvements 
have been made in more than 120 of the original figures. 


Introductory Biology.—ANprew Sraurrer, Editor. D. Van Nostrand 
Company, Inec., 250 Fourth Avenue, New York 3, New York. 722 pages, 
1949. 

This book aims to give an understanding of the principles of biology. 
The authors of the book include: Nelly J. Bosma, E. C. Colin, R. Clark 
Gilmore, 8S. W. Howe, W. Henry Leigh, P. Meglitsch, H. C. Nelson, J. F. 
Schuett, Andrew Stauffer, and J. P. Wessel. The book is divided into ten 
units which are entitled: (1) Introducing living organisms; (2) How 
organisms secure food; (3) How organisms transport materials within 
their bodies; (4) How organisms utilize food and excrete wastes; (5) How 
organisms co-ordinate their activities; (6) How organisms reproduce; (7) 
How organisms inherit; (8) How species originate; (9) How organisms 
live with each other; (10) How man may live healthfully. The book in- 
cludes an extensive subject index and list of supplementary readings. 
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Biophysical Research Methods.—F rep M. User, Editor. Interscience 
Publishers, Inc., 215 Fourth Avenue, New York 3, New York. 667 pages, 
1950. $9.50. 

The various authors of this book have each written one chapter which 
can be read as an independent unit without regard to its position in the 
volume. This group of specialists includes: Harold F. Blum, David R. 
Briggs, Howard J. Curtis, Earl W. Flosdorf, John W. Gowen, L. H. Gray, 
Earle C. Gregg, Jr., James D. Hardy, L. V. Heilbrunn, James Hillier, 
Max Kleiber, E. G. Pickels, Lawrence R. Prouty, Oscar W. Richards, Fred 
M. Uber, and Adolf F. Voigt. Each chapter covers the foliowing points: 
(1) the fundamental principle of one method, its underlying assumptions, 
and perhaps a simple mathematical outline of the theory involved; (2) the 
types of problems for which the method offers promise of a unique solution 
or a helpful approach; (3) the demands made on apparatus, materials and 
technical skill; (4) the limitations of the method in some detail; and (5) 
briefly, its outstanding accomplishments to date. The volume is intended 
to serve as a stimulating but critical guide to the group of scientists who 
must report to physical methods of research for the solution of biological, 
medical, and agricultural problems. References for commercial sources of 
equipment and materials have been included by several authors. 


Progress in Biochemistry.—F'eL1x Havurowirz. Interscience Publishers, 
Ine., 215 Fourth Avenue, New York 3, New York. 405 pages, 1950. $7.50. 

This book is a compilation of results of biochemical research since 1939. 
The review begins with a brief chapter on isotopes and on the part they 
play in biochemistry. The main portion of the book deals with the bio- 
chemistry of the organic and inorganic body constituents and with their 
metabolism. This section is followed by chapters on vitamins, on hormones 
and on enzymes. In general only human and animal biochemistry is dis- 
eussed. However, in an addendum to the vitamin chapter, biologically 
active substances from molds, bacteria and plants are briefly treated. 


Advances in Enzymology and Related Subjects of Biochemistry, 
Volume X. Edited by F. F. Norp. Interscience Publishers, Ine., 215 
Fourth Avenue, New York 3, New York. 533 pages, 1950. $7.50. 

This volume, the latest addition to the well known series, includes the 
following: Blood clotting and related processes by Tage Astrup; Trypto- 
phanase-tryptophane reaction by F. C. Happold; Phosphatase alealine by 
Jean Roche and Nguyen-Van Thoai; Synthesis of disaccharides with bac- 
terial enzymes by W. Z. Hassid and M. Doudoroff ; Some aspects of strepto- 
mycin and other streptomyces antibiotics by N. G. Brink and Karl Folkers ; 
Probleme des Citronensiiurecyklus by C. Martius and F. Lynen; Die Phyto- 
chemie des Schwefels by Theodor Bersin ; Chemical changes in the harvested 
tobacco leaf. Chemical and enzymic conversions during fermentation and 
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aging by W. G. Frankenburg; and Assimilation of hydrocarbons by micro- 
organisms by C. E. ZeBell. The current volume contains both author and 
subject indices and also a cumulative index for volumes one to ten inclusive. 


Jan Ingenhousz—Plant Physiologist. With a History of the Dis- 
covery of Photosynthesis. H. 8S. Resp. Chronica Botanica Company, 
Waltham, Massachusetts. Volume 11, 111 pages, 1949. $3.00. 

This separate makes available a book which has long been out of print, 
being generally known heretofore only through quotation. It inchides a 
brief biographical sketch showing how the researches of Ingenhousz fitted 
into the scientific work of the times. Some reflections of Ingenhousz’ 
contemporaries such as Priestley, Scheele, Lavoisier, and Senebier, and the 
conditions of science in which they worked have also been introduced. 
Explanatory comments following each section of the original text have been 
inserted for readers who may wish to trace subsequent developments of 
Ingenhousz’ work. Numerous illustrations, many of them obtained from 
Netherlands archives and never published before, are a feature of special 
interest. 


Organic Chemistry.—Pavu. Karrer. Fourth Edition. Elsevier Pub- 
lishing Company, Inc., 215 Fourth Avenue, New York 3, New York. 973 
pages, 1950. $8.50. 

In the fourth English edition of this textbook various chapters have been 
revised and extended and several new sections have been added. The book 
is divided into four main parts which are: (1) Aliphatic compounds; 
(2) Carbocyclic compounds; (3) Heterocyclic compounds; and (4) Organic 
compounds with heavy hydrogen and heavy oxygen. Sections on the follow- 
ing subjects have now been included: polysiloxanes and other organic silicon 
compounds, diacyl peroxides and peracids, streptomycin, organic com- 
pounds containing isotopes of carbon nitrogen and other elements. The most 
recent investigations have been mentioned wherever possible. The book also 
contains an extensive subject index and list of dates of important discoveries. 


Physical Methods of Organic Chemistry—Part II. Edited by ARNoLD 
WEISSBERGER. Second Edition. Interscience Publishers, Inc., 215 Fourth 
Avenue, New York 3, New York. 1023 pages, 1949. $12.50. 

This edition has been enlarged by five new chapters, new sections in some 
chapters, and a substantial expansion of many of the other chapters; some 
chapters have been entirely rewritten and others have been thoroughly 
revised. New chapters deal with the determination and evaluation of vapor 
pressure, measurements made with the ultracentrifuge, and by electro- 
phoresis, temperature measurement and temperature control. Sections 
present electron microscopy nephelometry; the determination and evalu- 
ation of light seattering, and the use of light sources. This volume is de- 
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fie voted to a comprehensive presentation of the techniques which are used in 
S the organic laboratory and which are available for the investigation of 
. organic compounds. The authors give the theoretical background for an 





understanding of the various methods and operations and describe the 


i} techniques and tools, their modifications, applicability and limitations of 
ae procedures and manner of implementation. An extensive subject index 
; is included in the book. 





A.S.P.P. Election 1950—51.—Newly elected officers of the society are: 
KENNETH V. THIMANN, President; Danie. I. ARNON, Vice-President; 
Member of the Executive Committee, DonaLp B. ANDERSON, 1953; Member 
of the Editorial Board, Paut J. Kramer, 1953. 
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